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About Our Cover: 

The microprocessor has been the integral device in translating unlimited ideas into solid reality. Our 

microprocessors work in close conjunction with our family of peripherals to form complete microcomputer 

chip set solutions that will help you develop and build tomorrow's electronic systems. 
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Intel the Microcomputer Company: 

When Intel invented the microprocessor in 1971, it created the era of 

microcomputers. Whether used as microcontrollers in automobiles or microwave 

ovens, or as personal computers or supercomputers, Intel's microcomputers 

have always offered leading-edge technology. In the second half of the 1960s, Intel 

architectures have held at least a 75% market share of microprocessors at 16 bits and above. 

Intel continues to strive for the highest standards in memory, microcomputer components, 

modules, and systems to give its customers the best possible competitive advantages. 
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Intel Corporation makes no warranty lor the use of its products and assumes no responsibility for any errors 
which may appear in this document nor does it make a commitment to update the information contained 
herein; '■' •■ ""'■<-■< •' ■•■ """''■' 

Intel retains the right to make changes to these specifications at any time, without notice. 

Contact your local sales office to obtain the latest specifications before placing your order. 

the following are trademarks of Intel Corporation and may only be used to identify Intel Products: 

Above, BITBUS, COMMputer, CREDIT, Data Pipeline, ETOX, 
FASTPATH, Genius, i, i, ICE, iCEL, iCS, iDBP, iDIS, |2|CE, iLBX, 
i m , iMDDX, iMMX, Inboard, Insite, Intel, int e l, Intel376, Intel386, Intel486, 
int e IBOS, Intel Certified, Intelevision, int e ligent Identifier, int e ligent 
Programming, Intellec, Intellink, iOSP, iPDS, iPSC, iRMK, iRMX, iSBC, 
iSBX, iSDM, iSXM, KEPROM, Library Manager, MAPNET, MCS, 
Megachassis, MICROMAINFRAME, MULTIBUS, MULTICHANNEL, 
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UPI, and VLSiCEL, and the combination of ICE, iCS, iRMX, iSBC, iSBX, 
iSXM, MCS, or UPI and a numerical suffix, 4-SITE, 376, 386, 486. 

MDS is an ordering code only and is not used as a product name or trademark. MDS® is a registered 
trademark of Mohawk Data Sciences Corporation. 

♦MULTIBUS is a patented Intel bus. 

Additional copies of this manual or other Intel literature may be obtained from: 

Intel Corporation 

Literature Sales 

P.O. Box 58130 

Santa Clara, CA 95052-8130 
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CUSTOMER SUPPORT 

INTEL'S COMPLETE SUPPORT SOLUTION WORLDWIDE 

Customer Support is Intel's complete support service that provides Intel customers with hardware support, software 
support, customer training, consulting services and network management services. For detailed information contact 
your local sales offices. 

After a customer purchases any system hardware or software product, service and support become major factors in 
determining whether that product will continue to meet a customer's expectations. Such support requires an inter- 
national support organization and a breadth of programs to meet a variety of customer needs. As you might expect, 
Intel's customer support is quite extensive. It can start with assistance during your development effort to network 
management. 100 Intel sales and service offices are located worldwide — in the U.S., Canada, Europe and the Far 
East. So wherever you're using Intel technology, our professional staff is within close reach. 

HARDWARE SUPPORT SERVICES 

Intel's hardware maintenance service, starting with complete on-site installation will boost your productivity from 
the start and keep you running at maximum efficiency. Support for system or board level products can be tailored 
to match your needs, from complete on-site repair and maintenance support economical carry-in or mail-in factory 
service. 

Intel can provide support service for not only Intel systems and emulators, but also support for equipment in your 
development lab or provide service on your product to your erid-user/customer. 

SOFTWARE SUPPORT SERVICES 

Software products are supported by our Technical Information Phone Service (TIPS) that has a special toll free 
number to provide you with direct, ready information on known, documented problems and deficiencies, as well as 
work-arounds, patches and other solutions. 

Intel's software support consists of two levels of contracts. Standard support includes TIPS (Technical Information 
Phone Service), updates and subscription service (product-specific troubleshooting guides and; COMMENTS 
Magazine). Basic support consists of updates and the subscription service. Contracts are sold in environments which 
represent product groupings (e.g., iRMX® environment). 

CONSULTING SERVICES 

Intel provides field system engineering consulting services for any phase of your development or application effort. 
You can use our system engineers in a variety of ways ranging from assistance in using a new product, developing 
an application, personalizing training and customizing an Intel product to providing technical and management 
consulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applica- 
tions, embedded microcontrollers, and network services. You know your application needs; we know our products. 
Working together we can help you get a successful product to market in the least possible time. 

CUSTOMER TRAINING 

Intel offers a wide range of instructional programs covering various aspects of system design and implementation. 
In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study. 
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our 
workshops to you for on-site instruction. Covering a wide variety of topics, Intel's major course categories include: 
architecture and assembly language, programming and operating systems, BITBUS™ and LAN applications. 

NETWORK MANAGEMENT SERVICES 

Today's networking products are powerful and extremely flexible. The return they can provide on your investment 
via increased productivity and reduced costs can be very substantial. 

Intel offers complete network support, from definition of your network's physical and functional design, to imple- 
mentation, installation and maintenance. Whether installing your first network or adding to an existing one, Intel's 
Networking Specialists can optimize network performance for you. 
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pSBC28614 
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SBC38632 
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SBC569 
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SBC589 


pSBC589 
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pSYP3847 


SBC604 


pSBC604 




SYR286 


pSYR286 


SBC608 


pSBC608 




SYR86 


pSYR86 


SBC614 


pSBC614 




SYS 120 


pSYS120 


SBC618 


pSBC618 




SYS310 


pSYS310 


SBC655 


pSBC655 




SYS311 


pSYS311 


SBC6611 


pSBC6611 




T60 


pT60 


SBC8010 


pSBC8010 




TA096 


pTA096 


SBC80204 


pSBC80204 
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SBC8024 
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SBC8030 
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pW40 
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pW80 
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SSBC8630 
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SBC8635 
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SSBC86C38 


XNXIBASE 
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SBC8825 


pSBC8825 


SSBC8825 
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pXNXIDB 


SBC8840 


PSBC8840 




XNXIDESK 


pXNXIDESK 


SBC8845 


pSBC8845 


SSBC8845 


XNXIPLAN 


pXNXIPLAN 


SBC905 


pSBC905 




XNXIWORD 


pXNXIWORD 


SBCLNK001 


pSBCLNKOOl 
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OVERVIEW 



INTRODUCTION 

Intel microprocessors and peripherals provide a complete 
solution in increasingly complex application environ- 
ments. Quite often, a single peripheral device will replace 
anywhere from 20 to 100 TTL devices (and the associated 
design time that goes with them). 

Built-in functions and standard Intel microprocessor/ 
peripheral interface deliver very real time and perfor- 
mance advantages to the designer of microprocessor- 
based systems. 

REDUCED TIME TO MARKET 

When you can purchase an off-the-shelf solution that 
replaces a number of discrete devices, you're also replac- 
ing all the design, testing, and debug time that goes with 
them. 

INCREASED RELIABILITY 

At Intel, the rate of failure for devices is carefully tracked. 
Highest reliability is a tangible goal that translates to 
higher reliability for your product, reduced downtime, 
and reduced repair costs. And as more and more 
functions are intergrated on a single VLSI device, the 
resulting system requires less power, produces less heat, 
and requires fewer mechanical connections — again re- 
sulting in greater system reliability. 

LOWER PRODUCTION COST 

By minimizing design time, increasing reliability, and 



replacing numerous parts, microprocessor and peripheral 
solutions can contribute dramatically to lower product 
costs. 



HIGHER SYSTEM PERFORMANCE 

Intel microprocessors and peripherals provide the highest 
system performance for the demands of today's (and 
tomorrow's) microprocessor-based applications. For exam- 
ple, the 80386 32 bit offers the highest performance for 
multitasking, multiuser systems. Intel's peripheral pro- 
ducts have been designed with the future in mind. They 
support all of Intel's 8, 16 and 32 bit processors. 



HOW TO USE THE GUIDE 

The following application guide illustrates the range of 
microprocessors and peripherals that can be used for the 
applictions in the vertical column of the left. The 
peripherals are grouped by the I/O function they control. 
CRT datacommunication, universal (user programmable), 
mass storage dynamic RAM controllers, and CPU/ bus 
support. 

An "X" in a horizontal application row indicates a 
potential peripheral or CPU, depending upon the features 
desired. For example, a conversational terminal could 
use either of the three display controllers, depending 
upon features like the number of characters per row or 
font capability. A "Y" indicates a likely candidate, for 
example, the 8272A Floppy Disk Controller in a small 
business computer. 



The Intel microprocessor and peripherals family provides 
a broad range of time-saving, high performance solutions. 
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Get Your Kit Together! 

Intel's Microsystem Components Kit Solution 
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8086 

16-BIT HMOS MICROPROCESSOR 

8086/8086-2/8086-1* 



Direct Addressing Capability 1 MByte 
of Memory 

Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

24 Operand Addressing Modes 

Bit, Byte, Word, and Block Operations 

8 and 16-Bit Signed and Unsigned 
Arithmetic In Binary or Decimal 
Including Multiply and Divide 



I Range of Clock Rates: 

5 MHz for 8086, 

8 MHz for 8086-2, 
10 MHz for 8086-1 

l MULTIBUS® System Compatible 
Interface 

l Available in EXPRESS 
—Standard Temperature Range 
— Extended Temperature Range 

l Available in 40-Lead Cerdip and Plastic 
Package 

(See Packaging Spec. Order #231369) 



The Intel 8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CERDIP 
or plastic package. The 8086 operates in both single processor and multiple processor configurations to 
achieve high performance levels. 

♦Changes from the 1985 handbook specification have been made for the 8086-1 . See A.C. Characteristics TGVCH and TCLGL. 



EXECUTION UNIT 



REGISTER FILE 



«5-5^<V) 



DATA 

POINTER. AND 

INDEX REGS 

(• WORDS) 






BUS INTERFACE UNIT 

I RELOCATION ' 
REGISTER FILE 



SEGMENT 

REGISTERS 

AND 

INSTRUCTION 

POINTER 

(S WORDS) 



7f 
Ik 



BUS 

INTERFACE 

UNIT 



3Z 



/»,is, 



f UiSADu AOo 



INTA.R0.WR 
DT/fi.6TN.AlE 



6-BYTE 

INSTRUCTION 

QUEUE 



CONTROL & TIMING 



f 



O OSo.OS 

ZOsi.s,.s; 



CLK RESET READY MN/MX GNO 
Vcc 

Figure 1. 8086 CPU Block Diagram 
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Table 1. Pin Description 

The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The "Local 
Bus" in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to 
additional bus buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD 15 -AD 


2-16,39 


■ 'I/O 


ADDRESS DATA BUS: These lines constitute the time multiplexed 
memory/ IO address (T1 ), and data (T2, T3, Tvy, T4) bus. Aq is 
analogous to BHE for the lower byte of the data bus, pins D7-Do< It is 
LOW during T1 when a byte is to be transferred on the lower portion 
of the bus in memory or I/O operations. Eight-bit oriented devices tied 
to the lower half would normally use Ao to condition chip select 
functions. (See BHE.) These lines are active HIGH and float to 3-state 
OFF during interrupt acknowledge and local bus "hold acknowledge". 


A 19 /S 6 , 
A 18 /S 5 , 
A 17 /S4, 
A16/S3 


35r-38 





ADDRESS/STATUS: During T1 these are the four most significant 

address lines for memory operations. During I/O operations these 

lines are LOW. During memory and I/O operations, status information 

is available on these lines during T2, T3, Jw, T4. The status of the 

interrupt enable FLAG bit (S5) is updated at the beginning of each 

CLK cycle. A1 7/S4 and A1 6/S3 are encoded as shown. 

This information indicates which relocation register is presently being 

used for data accessing. 

These lines float to 3-state OFF during local bus "hold acknowledge." 


A 17 /S 4 


A16/S3 


Characteristics 


(LOW) 


1 (HIGH) 
1 

S 6 is 
(LOW) 



1 


1 


Alternate Data 

Stack 

Code or None 

Data 


BHE/S7 


34 





BUS HIGH ENABLE/STATUS: During T 1 the bus high enable signal 
(BHE) should be used to enable data onto the most significant half of 
the data bus, pins D15-D8. Eight-bit oriented devices tied to the upper 
half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during T-j for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during T2, 
T3, and T4. The signal is active LOW, and floats to 3-state OFF in 
"hold". It is LOW during T-j for the first interrupt acknowledge cycle. 


BHE 


Ao 


Characteristics 




1 
1 




1 



1 


Whole word 

Upper byte from/to odd address 

Lower byte from/to even address 

None 


RD 


32 





READ: Read strobe indicates that the processor is performing a 
memory of I/O read cycle, depending on the state of the S2 pin. This 
signal is used to read devices which reside on the 8086 local bus. RD 
is active LOW during T2, T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 8086 local bus has floated. 
This signal floats to 3-state OFF in "hold acknowledge". 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or I/O 
device that it will complete the data transfer. The READY signal from 
memory/ IO is synchronized by the 8284A Clock Generator to form 
READY. This signal is active HIGH. The 8086 READY input is not 
synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 


INTR 


18 


I 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "Wait" instruction. If the TEST input is 
LOW execution continues, otherwise the processor waits in an "Idle" 
state. This input is synchronized internally during each clock cycle on 
the leading edge of CLK. 


NMI 


17 


I 


NON-MASKABLE INTERRUPT: an edge triggered input which causes 
a type 2 interrupt. A subroutine is vectored to via an interrupt vector 
lookup table located in system memory. NMI is not maskable internally 
by software. A transition from LOW to HIGH initiates the interrupt at the 
end of the current instruction. This input is internally synchronized. 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. It 
restarts execution, as described in the Instruction Set description, when 
RESET returns LOW. RESET is internally synchronized. 


CLK 


19 


! 


CLOCK: provides the basic timing for the processor and bus controller. 
It is asymmetric with a 33% duty cycle to provide optimized internal 
timing. 


Ycc 


40 




v cc : + 5V power supply pin. 


GND 


1,20 




GROUND 


MN/MX 


33 


I 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 



The following pin function descriptions are for the 8086/8288 system in maximum mode (i. e., MN/MX = Vss)- 
Only the pin functions which are unique to maximum mode are described; all other pin functions are as 
described above. 



S2, S-j, Sq 


26-28 





STATUS: active during T4, T-| , and J 2 and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY is HIGH. This status is used 
by the 8288 Bus Controller to generate all memory and I/O access control 
signals. Any change by S2, St, or So during T4 is used to indicate the 
beginning of a bus cycle, and the return to the passive state in T3 or Tw is 
used to indicate the end of a bus cycle. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


S2i'Si,So 
(Continued) 


26-28 





These signals float to 3-state OFF in "hold acknowledge". These status 
lines are encoded as shown. 


s^ 


81 


§5 


Characteristics 


0(LOW) 







1 (HIGH) 

1 

1 

1 




1 
1 



1 
1 




1 



1 



1 



1 


Interrupt Acknowledge 
Read I/O Port 
Write I/O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive 


RQ/GTo. 
RQ/GT! 


30,31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to force 
the processor to release the local bus at the end of the processor's 
current bus cycle. Each pin is bidirectional with RQ/GTo having higher 
priority than RQ/ST-j. RQ/GT pins have internal pull-up resistors and 
may be left unconnected. The request/grant sequence is as follows 
(see Figure 9): 

1 . A pulse of 1 CLK wide from another local bus master indicates a local 
bus request ("hold") to the 8086 (pulse 1). 

2. During a T4 or T-j clock cycle, a pulse 1 CLK wide from the 8086 to 
the requesting master (pulse 2), indicates that the 8086 has allowed the 
local bus to float and that it will enter the "hold acknowledge" state at 
the next CLK. The CPU's bus interface unit is disconnected logically 
from the local bus during "hold acknowledge". 

3. A pulse 1 CLK wide from the requesting master indicates to the 8086 
(pulse 3) that the "hold" request is about to end and that the 8086 can 
reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead CLK cycle after each bus exchange. 
Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it 
will release the local bus during T4 of the cycle when all the following 
conditions are met: 

1 . Request occurs on or before Tg. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events 
will follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 


LOCK 


29 





LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is activated by the "LOCK" prefix instruction and remains active until the 
completion of the next instruction. This signal is active LOW, and floats 
to 3-state OFF in "hold acknowledge". 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


QS 1f QSo 


24,25 





QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 

QSi and QSq provide status to allow external tracking of the internal 
8086 instruction queue. 


QSi 


QS 


Characteristics 


(LOW) 


1 (HIGH) 
1 




1 



1 


No Operation 

First Byte of Op Code from Queue 
Empty the Queue 
Subsequent Byte from Queue 



The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Vcd- Only the pin 
functions which are unique to minimum mode are described; ail other pin functions are as described above. 



M/T5 


28 





STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to 
distinguish a memory access from an I/O access. M/IO becomes valid in 
the T4 preceding a bus cycle and remains valid until the final T4 of the cycle 
(M = HIGH, IO = LOW). M/IO floats to 3-state OFF in local bus "hold • 
acknowledge". 


WR 


29 





WRITE: indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the M/IO signal. WR is active for T2, T3 
and Tw of any write cycle. It is active LOW, and floats to 3-state OFF in 
local bus "hold acknowledge". 


INTA 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is active 
LOW during T2, T3 and Tw of each interrupt acknowledge cycle. 


ALE 


25 





ADDRESS LATCH ENABLE: provided by the processor to latch the 
address into the 8282/8283 address latch. It is a HIGH pulse active during 
T1 of any bus cycle. Note that ALE is never floated. 


DT/R 


27 





DATA TRANSMIT/RECEIVE: needed in minimum system that desires to 
use an 8286/8287 data bus transceiver. It is used to control the direction of 
data flow through the transceiver. Logically DT/R is equivalent to S-j in the 
maximum mode, and its timing is the same as for M/IO. (T = HIGH, R = 
LOW.) This signal floats to 3-state OFF in local bus "hold acknowledge". 


DEN 


26 





DATA ENABLE: provided as an output enable for the 8286/8287 in a 
minimum system which uses the transceiver. DEN is active LOW during 
each memory and I/O access and for INTA cycles. For a read or INTA cycle 
it is active from the middle of T2 until the middle of T4, while for a write cycle 
it is active from the beginning of T2 until the middle of T4. DEN floats to 3- 
state OFF in local bus "hold acknowledge". 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus "hold." To be 
acknowledged, HOLD must be active HIGH. The processor receiving the 
"hold" request will issue HLDA (HIGH) as an acknowledgement in the 
middle of a T4 or Tj clock cycle. Simultaneous with the issuance of HLDA 
the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will LOWer the HLDA, and when the 
processor needs to run another cycle, it will again drive the local bus and 
control lines. 

The same rules as for RQ/GT apply regarding when the local bus will be 
released. 

HOLD is not asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 



General Operation 

The internal functions of the 8086 processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (B|U) and the second is 
the Execution Unit (EU) as shown in the block dia- 
gram of Figure 1. 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func- 
tions related to instruction fetching and queuing, op- 
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
of instruction pre-f etching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue acts as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated oper- 
and addresses to the BIU. Memory operands are 
passed through the BIU for processing by the EU, 
which passes results to the BIU for storage. See the 
Instruction Set description for further register set 
and architectural descriptions. 



MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 



bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D-is-De) and a low bank (D7-D0) of 51 2K 8-bit 
bytes addressed in parallel by the processor's ad- 
dress lines A19.-A1. Byte data with even addresses 
is transferred on the D7-D0 bus lines while odd ad- 
dressed byte data (Ao HIGH) is transferred on the 
O15-D8 bus lines . The processor provides two en- 
able signals, BHE and Ao, to selectively allow read- 
ing from or writing into either an odd byte location, 
even byte location, or both. The instruction stream is 
fetched from memory as words and is addressed 
internally by the processor to the byte level as nec- 
essary. 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE(CS) 


Automatic with all instruction prefetch. 


Stack 


STACK(SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: explicitly selected using a 
segment override. 
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CODE SEGMENT 
•6- XXXXOH 



STACK SEGMENT 



I DATA SEGMENT 



EXTRA DATA SEGMENT 



Figure 3a. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing 
word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro- 
cessing or task multiplexing. 
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Figure 3b. Reserved Memory Locations 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b). Locations from 



address FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial program 
loading routine. Following RESET, the CPU will al- 
ways begin execution at location FFFFOH where the 
jump must be. Locations 00000H through 003FFH 
are reserved for interrupt operations. Each of the 
256 possible interrupt types has its service routine 
pointed to by a 4-byte pointer element consisting of 
a 16-bit segment address and a 16-bit offset ad- 
dress. The pointer elements are assumed to have 
been stored at the respective places in reserved 
memory prior to occurrence of interrupts. 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi- 
mum 8086 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 8086 is equipped with 
a strap pin (MN/MX) which defines the system con- 
figuration. The definition of a certain subset of the 
pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
8086 treats pins 24 through 31 in maximum mode. 
An 8288 bus_controller interprets status information 
coded into So, S2, S2 to generate bus timing and 
control signals compatible with the MULTIBUS® ar- 
chitecture. When the MN/MX pin is strapped to Vcc. 
the 8086 generates bus control signals itself on pins 
24 through 31, as shown in parentheses in Figure 2. 
Examples of minimum mode and maximum mode 
systems are shown in Figure 4. 



BUS OPERATION 

The 8086 has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor while permitting the use of a 
standard 40-lead package. This "local bus" can be 
buffered directly and used throughout the system 
with address latching provided on memory and I/O 
modules. In addition, the bus can also be demulti- 
plexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired 
for the system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T-| , T2, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4- T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states 0w) are in- 
serted between T3 and T4. Each inserted "Wait" 
state is of the same duration as a CLK cycle. Periods 
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Figure 4a. Minimum Mode 8086 Typical Configuration 
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Figure 4b. Maximum Mode 8086 Typical Configuration 
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can occur between 8086 bus cycles. These are re- 
ferred to as "Idle" states (T|) or inactive CLK cycles. 
The processor uses these cycles for internal house- 
keeping. 

During T-j of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 

Status bits §o, §7, and §2 a re use d, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 



si 


§T 


§5 


Characteristics 


(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 
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Figure 5. Basic System Timing 
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Status bits S3 through S7 are multi plexed with high- 
order address bits and the B.HE signal, and are 
therefore valid during T2 through T4. S3 and S4 Indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 



s 4 


S3 


Characteristics 


(LOW) 





Alternate Data (extra segment) 





1 


Stack 


1 (HIGH) 





Code or None 


1 


1 


Data 



55 is a reflection of the PSW interrupt enable bit. 

56 = and $7 is a spare status bit. 

I/O ADDRESSING 

In the 8086, I/O operations can address up to a 
maximum of 64K I/O byte registers or 32K I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines A15-A0. 
The address lines A19-A16 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter DX as a pointer have full address capability while 
the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page of the 
I/O address space. 

I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on D15-D8. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 



External Interface 



PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8086 
RESET is required to be HIGH for greater than 4 
CLK cycles. The 8086 will terminate operations on 
the high-going edge of RESET and will remain dor- 
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se- 
quence for approximately 10 CLK cycles. After this 
interval the 8086 operates normally beginning with 
the Instruction in absolute location FFFF0H (see Fig- 
ure 3b). The details of this operation are specified in 
the Instruction Set description of the MCS-86 Family 
User's Manual. The RESET input is internally syn- 
chronized to the processor clock. At initialization the 
HIGH-to-LOW transition of RESET must occur no 
sooner than 50 jus after power-up, to allow complete 
initialization of the 8086. 



N Ml asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt, A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HLDA are driven low. 



INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type". An interrupting 
device supplies an 8-bit type number, during the in- 
terrupt acknowledge sequence, which is used to 
"vector" through the appropriate element to the new 
interrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter- 
rupt pin (NMI) Which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 

NMI is required to have a duration in the HIGH state 
of greater than two CLK cycles, but is not required to 
be synchronized to the clock, Any high-going tran- 
sition of NMI is latched on-chip and will be serviced 
at the end of the current instruction or between 
whole moves of a block-type instruction. Wprst case 
response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification 
on the occurrence of the low-going edge; it may oc- 
cur before, during, or after the servicing of NMI. An- 
other high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The sig- 
nal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid trig- 
gering extraneous responses. 
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MASKABLE NTERRUPT (INTR) 

The 8086 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 6) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 8086 emits the LOCK 
signal from T2 of the first bus cycle until T2 of the 
second. A local bus "hold" request will not be hon- 
ored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 8259A PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 



HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In maximum mode, the qrocessorjssues ap- 
propriate HALT status on S2, S«|, and So; and the 
8288 bus controller issues one ALE. The 8086 will 
not leave the "HALT" state when a local bus "hold" 
is entered while in "HALT". In this case, the proces- 
sor reissues the HALT indicator/An interrupt request 
or RESET will force the 8086 out of the "HALT" 
state. 



READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruc- 
tion. This provides the processor with the capability 
of performing read/modify/write operations on 
memory (via the Exchange Register With Memory 
instruction, for example) without the possibility of an- 
other system bus master receiving intervening mem- 
ory cycles. This is useful in multi-processor system 
configuration s to ac complish "test and set lock" op- 
erations. The LOCK signal is activated (forced LOW) 
in the clock cycle following the one in which the soft- 
ware "LOCK" prefix instruction is decoded by the 
EU, It is deactivated at the end of the last bus cycle 
of the instructi on follo wing the "LOCK" prefix in- 
struction. While LOCK is active a request on a RQ/ 
GT pin will be recorded and then honored at the end 
of the LOCK. 



Ti T 2 T 3 T« T, T, 



^V 



LOCK 



V 



ADo-AD 



\ FLOAT 



,J~\ 



-If- 



I 



-tf- 




TYPE VECTOR 



Figure 6. Interrupt Acknowledge Sequence 
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EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 pro vides a single software- 
testable input known as the TEST signal. At any time 
the program may ex ecute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro- 
gram execution b ecome s suspended while the proc- 
essor waits for TEST to become active. It must 
remain active for at least 5 CLK cycles. The WAIT 
instruction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
8086 drivers go to 3-state OFF if bus "Hold" is en- 
tered. If interrupts are enabled, they may occur while 
the processor is waiting. When this occurs the proc- 
essor fetches the WAIT instruction one extra time, 
processes the interrupt, and then re-fetches and re- 
executes the WAIT instruction upon returning from 
the interrupt. 



Basic System Timing 

Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MX pin is strapped to Vqc and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod- 
ed status information which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. Figure 5 illustrates the signal timing relation- 
ships. 
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SYSTEM TIMING— MINIMUM SYSTEM 

The read cycle begins in T-j with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on th e loca l bus at 
this time, into the address latch. The BHE and Aq 
signals addressthe low, high, or both bytes. From Ti 
to T4 the M/IO signal indicates a memory or I/O 
operation. At T2 the address is removed from the 
local bus and the bus goes to a high impedance 
state. The rea d control signal is also asserted at T2. 
The read (RD) signal causes the addressed device 
to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and 
the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to 
a HIGH level, the addressed device will again 3- 
state its bus drivers. If a transceiver is requir ed to 
buffer the 8086 local bus, signals DT/R and DEN 
are provided by the 8086. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/I5 signal is 
again asserted to indicate a memory or I/O write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During T2, T3, and 
Tw the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop- 
er byte(s) of the memory/ 10 word to be read or writ- 
ten according to the following table: 



BHE 


AO 


Characteristics 





1 

1 



1 



1 


Whole word 
Upper byte from/to 
odd address 
Lower byte from/to 
even address 
None 



Figure 7. 8086 Register Model 



I/O ports are addressed in the same manner as 
memory location. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on D^-De- 

The basic difference between the interrupt acknowl- 
edge cycle and a r ead c ycle is that the interrupt ac- 
knowledge signal (INTA) is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 6.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
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lines D7-D0 as supplied by the inerrupt system logic 
(i.e., 8259A Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into an interrupt 
vector lookup table, as described earlier. 

BUS TIMING—MEDIUM SIZE SYSTEMS 

For medium size systems the MN/KfiX pin is con- 
nected to Vss and the 8288 Bus Controller is added 
to the system as well as a latch for latching the sys- 
tem address, and a transceiver to allow for bus load- 
ing greater than the 8086 is capable of handling. 
Signals ALE, DEN, and DT/R are generated by the 
8288 instead of the processor in this configuration 
although their timing remains relatively the same. 
The 8086 status outputs (§2, 5?, and So) provide 
type-of-cycle information and become 8288 inputs. 
This bus cycle information specifies read (code, 
data, or I/O), write (data or I/O), interrupt 



acknowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, I/O 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad- 
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence data isn't valid at the 
leading edge of write. The transceiver receives the 
usual DIR and 5 inputs from the 8288's DT/R and 
DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8259A Priority Interrupt 
Controller is positioned on the local bus, a TTL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl- 
edge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . ;. ... . . 0°C to 70°C 

Storage temperature . . . .... ; . . -65°C to 4 1 50°C 

Voltage on Any Pin with 
Respect to Ground . . . ... , . . . v . .'. . - 1 ,0V to + 7*V 

Power Dissipation. — ... *•■... ... . . ■:<■.<. . * . . . 2.5W 



* Notice; Stresses above those listed under "Abso- 
lute Maximum Ratings'' may cause perm 
age to > the device: This is v-w stress rating only and 
functional operation of the device at these or any 
other conditioh$ above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability 



D.C. CHARACTERISTICS (8086: T A 

(8086-1 :Ja 
(8086-2: T A 



0°C to 70°C, Vcc ;■■-■ 5V ± 10%) 
0°Cto70°Q, V C e = 5V ±5%) 
6 Cto70°G, Vcc = 5V ±5%) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


^-0.8 


V 




V, H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 2.5mA 


V 0H 


Output High Voltage 


2.4 




V 


l H = - 400 jliA 


ice 


Power Supply Current: 8086 
8086-1 
8086-2 




340 
360 
350 


mA 


T A = 25°C 


Ili 


Input Leakage Current 




±10 


ju,A 


OV^Vjn^Vcc 


Ilo 


Output Leakage Current 




±10 


juA 


0.45V £ Vqut ^ V C c 


VCL 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




VCH 


Clock Input High Voltage 


3.9 


V CC + 1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD -AD 15l RQ/GT) 




15 


PF 


fc = 1 MHz 


C|0 


Capacitance of I/O Buffer 
(AD -AD 15 ,RQ/GT) 




15 


PF 


fc = 1 MHz 



NOTES: 

1. V, L tested with MN/MX Pin - 0V. 

2. V| H tested with MN/MX Pin = 5V. 
MN/MX Pin is a Strap Pin. 
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A-C. CHARACTERISTICS (8086: T A = 0°Cto 70°C, V CC = 5V ± 10%) 

(8086-1 : T A = 0°C to 70°C, V C c = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V C c = 5V ± 5%) 



MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 










Symbol 


Parameter 


8086 


8086-1 


8086-2 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


500 


100 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




53 




68 




ns 


TCHCL 


CLK High Time 


69 




39 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 8284A (See 
Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into 8284A (See 
Notes 1,2) 

















ns 


TRYHCH 


READY Setup 
Time into 8086 


118 




53 




68 




ns 


TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-10 




-8 




ns 


THVCH 


HOLD Setup Time 


35 




20 




20 




ns 


TINVCH 




30 




15 




15 




ns 


INTR, NMI, TEST 
Setup Time (See 
Note 2) 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 


















Symbol 


Parameter 


8086 


8086-1 


8086-2 


Units 


Test 
Conditions 


Mln 


Max 


Mln 


Max 


Mln 


Max 


TCLAV 


Address Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


*C L = 20-100 pF 
for all 8086 
Outputs (In 
addition to 8086 
selfload) 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float 
Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




40 




50 


hs 


TCHLL 


ALE Inactive Delay 




85 




45 




55 


ns 


TLLAX 


Address Hold Time 


TCHCL-10 




TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-25 




TCLCH-30 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


110 


10 


50 


10 


70 


ns 


TCHCTV 


Control Active 
Delay 2 


10 


110 


10 


45 


10 


60 


n s 


TCVCTX 


Control Inactive 
Delay 


10 


110 


10 


50 


10 


70 


ns 


TAZRL 


Address Float to 
READ Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


60 


1° 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-35 




TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


60 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-40 




2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-35 




2TCLCL-40 




hs 


TAVAL 


Address Valid to 
ALE Low 


TCLCH-60 




TCLCH-35 




TCLCH-40 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 8284A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



■ 1.5 -« TEST POINTS ► 1.5 



231455-11 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 1 .5V for both 
a Logic "1" and "0". 



DEVICE 
UNDER 
TEST 



I 



C L = 100 pF 



Cl Includes Jig Capacitance 



WAVEFORMS 

MINIMUM MODE 



CLK (8284A Output) 



VCL 



M/iO 



SHE/S7, A 19 /S«-A 19 /S3 



RDY (8284A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 

(NOTE 1) 

(«il,iNTA»VoH) 



ADis-ADq 



X 



Ti 
-TCLCL- 



)C 



/ 



TCLAX- 



T 3 T W 
— TCL2CL1 / 



CH1CH2-* U- -J L_ TCL2CI 



iHl, A19-A16 



TAVAL 

TCHLL— I 



\ 



TAVAL 
TLLAX- 



X 



X 



V.H- 
V«L- 
TRYLCL- 



-X^, 



- TCHCTV TCLRL 



\ 



S7-S3 



/ 



m^-jr\ 



— TCLCH -» 



r 



v 



x 



x 



/ 

/ 



\ 





c 



231455-13 
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WAVEFORMS (Continued) 
MINIMUM MODE (Continued) 



CLK (8284A Output) 



B"ffE/s 7 , A 19 /s«-Ais/S3 



WRITE CYCLE 
(NOTE 1> 

(RB.WfA, 

DTAUVoh) 



AD 15 -ADo 



INTA CYCLE 

(NOTES 1 & 3) 

fi5,WTUVoH 
BRE=V 0L ) 




AD 15 -AOo 



SOFTWARE HALT— 
RD,WR,INTA ~ Vqh 
DT/R - INDETERMINATE 



231455-14 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T3, Tyy to determine if Tyy machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 

4. Signals at 8284A are shown for reference only, 

5. All timing measurements are made at 1 .5V unless otherwise noted. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 










Symbol 


Parameter 


8086 


8086-1 


8086-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLGL 


CLK Cycle Period 


200 


500 


100 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




53 




68 




ns 


TCHCL 


CLK High Time 


69 




39 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 8284A 
(Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into 8284A 
(Notes 1,2) 

















ns 


TRYHCH 


READY Setup 
Time into 8086 


118 




53 




68 




ns 


TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 4) 


-8 




-10 




-8 




ns 


TINVCH 


Setup Time for 
Recognition (INTR, 
NMI, TEST) 
(Note 2) 


30 




15 




15 




ns 


TGVCH 


RQ/GT Setup Time 
(Note 5) 


30 




15 




15 




ns 


TCHGX 


RQ Hold Time into 
8086 


40 




20 




30 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


8086 


8086-1 


8086-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLML 


Command Active 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


C L = 20-100 pF 
for all 8086 
Outputs (In 
addition to 8086 
self-load) 


TCLMH 


Command Inactive 
Delay (See Note 1) 


1b 


35 


10 


35 


10 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (See 
Note 3) 




1.10 




45 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


45 


10 


60 


ns 


TCLSH 


Status Inactive 
Delay 


10 


130 


10 


55 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE 
High (See Note 1) 




15 




15 




15 


ns 


TSVMCH 


Status Valid to 
MCE High (See 
Notel) 




15 




15 




15 ' 


ns 


TCLLH 


CLKLowtoALE 
Valid (See Notel) 




15 




15 




15 


ns 


TCLMCH 


CLKLowtoMCE 
High (See Notel) 




15 




15 




15 


ns 


TCHLL 


ALE Inactive Delay 
(See Notel) 




15 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay 
(See Notel) 




15 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active 
Delay (See Notel) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive 
Delay (See Notel) 


10 


45 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to 
READ Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


60 


, 10 


80 


ns 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES (Continued) 



Symbol 


Parameter 


8086 


8086-1 


8086-2 


Units 


Test 
Conditions 


Mln 


Max 


Mln 


Max 


Mln 


Max 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-35 




TCLCL-40 




ns 


C L = 20-100 pF 
for all 8086 
Outputs (In 
addition to 8086 
self-load) 


TCHDTL 


Direction Control 
Active Delay 
(Notel) 




50 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay 
(Notel) 




30 




30 




30 


ns 


TCLGL 


GT Active Delay 
(Note 5) 





85 





38 





50 


ns 


TCLGH 


GT Inactive Delay 





85 





45 





50 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-40 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 8284A or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 

5. Change from 1985 Handbook. 
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WAVEFORMS 
MAXIMUM MODE 



TCH1CH2-— J k — H I- TGL2CL1 Tu , 



TCLAV-* *- 



Si.5?,S5 (EXCEPT HALT) 



BHBSr.Ait/Se-AwfSa 



ALE (8288 OUTPUT) 



ROY (8284A INPUT) 



REAOY (8086 INPUT) 



V 



TSVLH-H 
TCLLH* 



READ CYCLE 



adis-aoo 



8268 OUTPUTS 
SEE NOTES 5,6 



SflBCORiOTfC 



X 



BHi.Ai,-AM 



r 



X 



X 



A 



\ 



X 



~\ 



X 



i>m. 



X 



I (SEE NOTE 8) 

TCHDX— - 




/- 



/ 



> 




\ 



f- 



XI 



\— — 



X 



/ 
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WAVEFORMS (Continued) 
MAXIMUM MODE (Continued) 



jn^^n^u 



la,!?,!* (EXCEPT MALT) 

WRITE CYCLE tclav- 



\ 



8288 OUTPUTS 
SEE NOTES 5,6 



AMWC OR Ai5W5 



INTA CYCLE 



AOis-ADo FLOAT 

(SEE NOTES 314) 



8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE H ALT- 

(DEN - V OL ;TO,HirBC,10^,SrWTC^SrWC,roWe,ATOl^,WTA, . Vqh) 



xzh 



7. 






X 



< 



r\ 




-TCLML — 



A. 




/ 



/ 



\ 



FLOAT 
-TCLDX 



■c 



■c 



jr 



X 



INVALID ADDRESS 



V 



f 



N. 



231455-16 



NOTES: 

1 . Ail signals switch between Voh ^ n d Vql unless othen/vise specified. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 
lags the active high 8288 CEN. 

7. All timing measurements are made at 1 .5V unless otherwise noted. 

8. Status inactive in state just prior to T 4 . 
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WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 



signal 



v— -A 



—4 
TINVCH <••* not* 1) 



231455-17 



NOTE: 

1. Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 



BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
ONLY) 



—Any CLK Cycle — »| 



-Any CLK Cycl* 



-l 



\ 



r 



231455-18 



RESET TIMir 


4G 




vcc __^ 

CLK 
RESET 










TCLOX-H <« — 

24 CLK CYCLES 

231455-19 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 




n 



CLK Cycle — -— — >0-CLK Cycle- 



J 



X. 



_2_J\ 



r *- 



r> 






LGLl— 

V 



ADis-ADo *— 

Aj^Se'A^Sj _, 



v'VTA^TV 



pulse 3 /— 
\ coprocessor/ 

^ RELEASE / 



TO, COCK , 
5H1/S7 



NOTE: 



^r 



COPROCESSOR 



HE 



231455-20 



The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



ADis-AOo, 
Ai9/Se-Ai6/$ 3 , 

IHI/S7, M/ig. 

DT/fi, wR, Sen 




231455-21 
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Table 2. Instruction Set Summary 



Mnemonic and 
Description 


. Instruction Code 


DATA TRANSFER 
MOV = Move: 

Register/Memory to/from Register 
Immediate to Register/Memory 
Immediate to Register 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register 
Segment Register to Register/Memory 

PUSH = Push: 
Register/ Memory 
Register 
Segment Register 

POP = Pop: 
Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 

Register/Memory with Register 
Register with Accumulator 

IN = Input from: 

Fixed Port 
Variable Port 
OUT = Output to: 
Fixed Port 
Variable Port 

XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


76543210 


76543210 


76543210 


76543210 


100010dw 


mod reg r/m | 






1 1 00 01 1 w 


mod 000 r/m | 


data 


dataifw=1 | 










1 01.1 wreg 


data | 


data if w = 1 








1010000W 


addr-low 


addr-high 








1010001W 


addr-low | 


addr-high 








10001 1 10 


mod reg r/m | 






10 0110 


mod reg r/m | 






11111111 


mod 1 1 r/m | 






1 1 reg 




000reg1 1 




10 01111 


mod r/m | 






010 11 reg 




reg 1 1 1 




1 00001 1 w 


mod reg r/m ] 






1 1 reg 




1 1 1 1 w 


port | 


1 1 101 10w 






1 1 1001 1 w 


port | 






1 1 1 01 1 1 w 




11010111 


1 0001 1 01 


mod reg r/m | 


1 1000101 


mod reg r/m | 


1 1000100 


mod reg r/m | 


1001 1 1 1 1 




1001 1110 


1001 1 100 


1001 1 101 



Mnemonics © Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


ARITHMETIC 
ADD = Add: 

Reg./Memory with Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
ADC = Add with Carry: 
Reg./Memory with Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 

INC = Increment: 

Register/ Memory 

Register 

AAA = ASCII Adjust for Add 

BAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg./Memory and Register to Either 

Immediate from Register/Memory 

Immediate from Accumulator 

SSB = Subtract with Borrow 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 

Register/memory 

Register 

NEG = Change sign 

CMP = Compare: 

Register/ Memory and Register 

Immediate with Register/Memory 

Immediate with Accumulator 

/ J 
AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM - ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

A AD = ASCII Adjust for Divide 

CBW = Convert Byte to Word | 

CWD = Convert Word to Double Word | 


76543210 


76543210 


76543210 


76543210 


OOOOOOdw 


mod reg r/m 


1 OOOOOsw 


mod r/m 


data 


| data if s: w = 01 | 


0000010w 


data 


data if w = 1 


1 








000100dw 


mod reg r/m 


1 OOOOOsw 


mod 010 r/m 


data 


| data if s: w = 01 | 


0001010W 


data 


data if w = 1 


1 








1 1 1 1 1 1 1 w 


mod r/m 


1 reg 




001 10111 


001001 1 1 




001010dw 


mod reg r/m 


100000sw 


mod 1 1 r/m ] 


data 


| data if s w = 01 | 


00101 10w 


data I 


data if w = 1 


1 








0001 10dw 


mod reg r/m I 


1 OOOOOsw 


mod 011 r/m | 


data 


| data if s w = 01 | 


0001 1 1w 


data I 


data if w = 1 


l 








1 1 1 1 1 1 1 w 


mod 1 r/m ] 


01001 reg 




1 1 1 1011w 


mod 1 1 r/m | 






001 1 10dw 


mod reg r/m | 


1 OOOOOsw 


mod 1 1 1 r/m | 


data 


| dataifsw = 01 | 


001 mow 


data I 


data if w = 1 


I 


001 11111 




< 


00101 1 1 1 


1 1 1 1 1 1 w 


mod 1 r/m | 


1 1 1 1 01 1 w 


mod 101 r/m | 


1 1010100 


00001010 _J 


1 1 1 101 1 w 


mod 1 1, r/m | 


1 1 1 101 1w 


mod 1 1 1 r/m | 


1 1010101 


0001010 | 


10011000 




1001 1001 



Mnemonics © Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


LOGIC 

NOT - Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR - Shift Arithmetic Right 

ROL - Rotate Left 

ROR «■ Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

TEST = And Function to Flags, No Result: 

Register/Memory and Register 

Immediate Data and Register/Memory 

Immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
XOR = Exclusive or: 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS » Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS - Scan Byte/Word 
LODS = Load Byte/Wd to AL/AX 
STOS - Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 

Direct within Segment 
Indirect within Segment 
Direct Intersegment 

Indirect Intersegment 


76543210 


76543210 


76543210 


76543210 


1 1 1 101 1 w 


mod 1 r/m 


1 10100vw 


mod 100 r/m 


110100vw 


mod 1 1 r/m 


1 10100vw 


mod 1 1 1 r/m 


110100vw 


mod 000 r/m 


1 10100vw 


mod 001 r/m 


1 10100vw 


mod010r/m 


1 10100vw 


mod 1 1 r/m 






001000dw 


mod reg r/m 


1000000W 


mod 1 r/m 


data 


dataifw=1 | 


0010010W 


data 


data if w= 1 










1000010W 


mod reg r/m 






1 1 1 10.1 1 w 


mod r/m 


data 


data if w = 1 | 


1010100W 


data 


data if w = 1 


■ 








000010dw 


mod reg r/m 


1 00 000 w 


mod 1 r/m 


data 


dataifw=1 | 


0001 10w 


data 


data if w = 1 










001 100dw 


mod reg r/m 






1000000w 


mod 1 1 Or/m 


data 


data if w = 1 | 










001 1010w 


data 


data if w = 1 








1 1 11 001 z 




1010010W 




101 001 1 w 




10101 1 1 w 




10101 10w 




1010101 w 




11 101000 


disp-low 


disp-high 


11111111 


mod 01 Or/m 








1001 1010 


offset-low 


offset-high 








seg-low 


seg-high 






11111111 


mod 1 1 r/m 







Mnemonics © Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 



Instruction Code 



JMP = Unconditional Jump: 

Direct within Segment 
Direct within Segment-Short 
Indirect within Segment 
Direct Intersegment 

Indirect Intersegment 

RET - Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/JPE = Jump on Parity/ Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 

or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/ Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal /Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/ Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 



76543210 



76543210 



76543210 



| 1 1 101001 


disp-low 1 


disp-high 








| 11101011 


disp | 










I 11111111 


mod 1 r/m | 










| 11101010 


offset-low I 


offset-high | 








seg-low I 


seg-high | 








I 11111111 


modi 01 r/m | 










| 1 1 00001 1 








| 11000010 


data-low | 


data-high | 








| 110 01011 








| 1 1001010 


data-low | 


data-high | 








|_ 01 1 10100 


disp | 




| 01111100 


disp I 










I 01 mi 10 


disp | 










| 01110 010 


disp | 










| 01110110 


disp I 










| 01111010 


disp ■;■■, J 










| 0111000 


disp I 










| 01111000 


disp I 










| 01110101 


disp I 










| 01111101 


disp I 










| 01111111 


disp I 










| 011 1001 1 


disp j 










| 01110111 


disp I 










| 01111011 


disp j 










| 01110 01 


disp | 










| 0111 1001 


disp | 




[ 1110 010 


disp j 










| 1 1 100001 


disp j 










|-111 00000 


disp I 










| 11100011 


disp j 










| 11001101 


type | 










| 1 1001 1 00 








| 1 1001 1 10 








| 1 1001 1 1 1 
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Table 2. Instruction Set Summary (Continued) 


Mnemonic and 
Description 


Instruction Code 


PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLi « Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT - Wait 

ESC = Escape (to External Device) 

LOCK - Bus Lock Prefix 


76543210 


76543210 


11111000 




11110101 




11 11 1001 




1 1111 100 


i 1 11 hoi 


11111010 




11111011 


1 1 110100 




1001 101 1 


11 011 xxx 


modxxxr/m ) 






11110 



NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES =■ Extra segment 

Above/below refers to unsigned value 

Greater = more positive; 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte instruc- 
tion 

if mod = 1 1 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high; disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m = 110 then EA — disp-high; 
disp-low. 

Mnemonics © Intel, 1978 



if s w = 01 then 16 bits of immediate data form the oper- 
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if V - then "count" = 1; if v = 1 then "count" in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 



001 reg i 10 



REG is assigned according to the following table: 


16-Bit (w = 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 



DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -002 data sheet. Please review this summa- 
ry carefully. 

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected. 
HLDA will be issued in the middle of either the T4 or Tj state. 
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16-BIT CHMOS MICROPROCESSOR 



Pin-for-PIn and Functionally Compatible 
to Industry Standard HMOS 8086 

Fully Static Design with Frequency 
Range from D.C. to: 

— 8 MHz for 80C86A-2 

Low Power Operation 

— Operating Ice = 10 mA/MHz 

— Standby Ices = 5 °° J^A max 
Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

Direct Addressing Capability of 
1 MByte of Memory 



Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

24 Operand Addressing Modes 

Byte, Word and Block Operations 

8 and 16-Bit Signed and Unsigned 
Arithmetic 

— Binary or Decimal 

— Multiply and Divide 

Available in 40-Lead Plastic DIP 



The Intel 80C86A is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. 
The 80C86A available in 8 MHz clock rates, offers two modes of operation: MINimum for small systems and 
MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP package. 



EXECUTION UNIT 



•US INTERFACE UNIT 



REGISTER HUE 
DATA, 



7E 



fiE 



TUT- 
l*T- 



^'<d 



Jc 



3E 



— — iHl« 7 
— /*.A 

HO iHTA",RD,wS 
"i \ OT/R, DID, ALE 



T 






QSo.08, 



I MIN I 
iMODEf 



qndC 


i 




40 


3Vcc 




AD14C 


2 




30 


3AD15 




A013C 


3 




38 


]AD16/83 




A012C 


4 




37 


3A17/S4 




AD11C 


5 




36 


3A1S/S5 




AD10C 


• 




35 


3 A19/86 




amC 


7 




34 


3BHE/S7 




AoaC 


• 




33 


3 MN/MX 




AD7C 


• 




32 


3RD 




adsC 


10 


80C66A 

CPU 


31 


3rq/gto(hou» 




AD5C 


11 




30 


3SQ/Otl(HL0A) 




A04C 


12 




29 


3 Lock (wrj 




AD3C 


13 




20 


382 (M/IO) 




AD2C 


14 




27 


3S1 (OT/R) 




AD1 C 


15 




26 


3 SO (DEN) 




ADOC 


IS 




25 


3QS0 (ALE) 




NIHIL" 


17 




24 


3QS1 (WTA) 




wtrC 


« 




23 


3test 




clkC 


19 




22 


3 READY 




QNOt 


20 




21 


3 RESET 












240029- 


-2 


Figure 2. 80C86A 




40- 


Lead DIP C 


onfiguration 





Figure 1. 80C86A 
CPU Block Diagram 
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Table 1. Pin Description 

The following pin function descriptions are for 80C86AA systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multiplexed bus interface connection to the 80Q86A (without 
regard to additional bu£ buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD 15 -AD 


2-16,39 


I/O - 


ADDRESS DATA BUS: These lines constitute the time multiplexed 
mempry/IO address (T1) and data (T2, T3, Tw, T4) bus. Ao is 
analogous to BHE for the lower byte of the data bus, pins D7-D0. It 
is LOW during T-j when a byte is to be transferred on the lower 
portion of the bus in memory or I/O operations. Eight-bit oriented 
devices tied to the lower half would normally use Ao to condition 
chip select functions, (See BHE;) These lines are active HIGH and 
float to 3-state OFFO) during interrupt acknowledge and local bus 
"hold acknowledge." 


A 19 /S 6 , 
A 18 /S 5> 
A 17 /S 4 , 
A 16 /$3 


35-38 





ADDRESS/STATUS: During T-j these are the four most significant 
address lines for memory operations. During I/O operations 
these lines are LOW. During memory and I/O operations, 
status information is available on these lines during T2, T3, Tw, 
and T4. The status of the interrupt enable FLAG bit (S5) is updated 
at the beginning of each CLK cycle. A17/S4 and A16/S3 are 
encoded as shown. 

This information indicates which relocation register is presently 
being used for data accessing. 

These lines float to 3-state OFFO) during local bus "hold 
acknowledge." 


A 17 /S 4 


A16/S3 


Characteristics 


(LOW) 


1 (HIGH) 
1 

S 6 is 
(LOW) 




1 



1 


Alternate Data 

Stack 

Code or None 

Data 


BHE/S 7 


34 





BUS HIGH ENABLE/STATUS: During J A the bus high enable signal 
(BHE) should be used to enable data onto the most significant half 
of the data bus, pins D15-D8. Eight-bit oriented devices tied to the 
upper half of the bus would normally use BHE to condition chip 
select functions. BHE is LOW during T1 for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during T2, 
T 3 , and T 4 . The signal is active LOW, and floats to 3-state OFFO) in 
"hold." It is LOW during T-j for the first interrupt acknowledge cycle. 


BHE 


Ao 


Characteristics 





1 

1 



1 



1 


Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 
None 



2-32 



inteT 



80C86A 



Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


RD 


32 





READ: Read strobe indicates that the processor is performing a 
memory of I/O read cycle, depending on the state of the S2 pin. 
This signal is used to read devices which reside on the 80C86A 
local bus. HD is active LOW during T2, T3 and Tw of any read cycle, 
and is guaranteed to remain HIGH in T2 until the 80C86A local bus 
has floated. 

This floats to 3-state OFF in "hold acknowledge." 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The READY signal 
from memory/IO is synchronized by the 82C84A Clock Generator 
to form READY. This signal is active HIGH. The 80C86A READY 
input is not synchronized. Correct operation is not guaranteed if the 
setup and hold times are not met. 


INTR 


18 


I 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This signal is active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "Wait" instruction. If the TEST input 
is LOW execution continues, otherwise the processor waits in an 
"Idle" state. This input is synchronized internally during each clock 
cycle on the leading edge of CLK. 


NMI 


17 


I 


NON-MASKABLE INTERRUPT: an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI fe not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns LOW. RESET is internally 
synchronized. 


CLK 


19 


I 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc 


40 




Vcc: + 5V power supply pin. 


GND 


1,20 




GROUND: Both must be connected. 


MN/MX 


33 


I 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1, Pin Description (Continued) 

The following pin function descriptions are for the 80C86A/82C88 system in maximum mode (i.e., 
MN/MX= V$s)- Only the pin functions which are unique to maximum mode are described; all other pin func- 
tions are as described above. 



Symbol 


Pin No. 


Type 


Name and Function 


$2. S-j,So 


26-28 





STATUS: active during T4, T1, and T2 and is returned to the passive 
state (1,1,1) during T3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and I/O access control signals. Any change by S2, St, So during T4 
is used to indicate the beginning of a bus cycle, and the return to the 
passive state in T3 or Tyy is used to indicate the end of a bus cycle. 

These signals float to 3-state OFF0) in "hold acknowledge." These 
status lines are encoded as shown. 


s. 


§T 


So 


Characteristics 


(LOW) 





1 (HIGH) 

. 1 
1 
1 





1 
1 


1 
1 




1 



1 



1 



1 


Interrupt 
Acknowledge 
Read I/O Port 
Write I/O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive 


RQ/GTo 
RQ/GTi ' 


30, 31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor's current bus cycle. Each pin is bidirectional with RQ/GTo 
having higher priority than RQ/GTj. RQ/GT has an internal pull-up 
resistor so may be left unconnected. The request/grant sequence is 
as follows (see timing diagram): 

1 . A pulse of 1 CLK wide from another local bus master indicates a 
local bus request ("hold") to the 80C86A (pulse 1). 

2. During a T4 or Tf clock cycle, a pulse 1 CLK wide from the 
80C86A to the requesting master (pulse 2), indicates that the 
80C86A has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next CLK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 
80C86A (pulse 3) that the "hold" request is about to end and that 
80C86A can reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead CLK cycle after each bus exchange. 
Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it 
will release the local bus during T4 of the cycle when all the following 
conditions are met: 

1 . Request occurs on or before T2. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 








If the local bus is idle when the request is made the two possible 
events will follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 


LOCK 


29 





LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is active 
LOW, and floats to 3-state OFFO) in "hold acknowledge." 


QS-i.QSo 


24,25 





QUEUE STATUS: The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
QSi and QSo provide status to allow external tracking of the internal 
80C86A instruction queue. 


QS t 


QS 


Characteristics 


(LOW) 


1 (HIGH) 
1 




1 


1 


No Operation 

First Byte of Op Code from Queue 
Empty the Queue 
Subsequent Byte from Queue 



The following pin function descriptions are for the 80C86A in minimum mode (i.e., MN/MX= Vcc)- Only the 
pin functions which are unique to minimum mode are described; all other pin functions are described above. 



M/IO 


28 





STATUS LINE: logically equivalent to S2 in the maximum mode. It 
is used to distinguish a memory access from an I/O access. M/lO 
becomes valid in the T4 preceding a bus cycle and remains valid 
until the final T 4 of the cycle (M = HIGH, IO = LOW). M/lO floats to 
3-state OFFO) in local bus "hold acknowledge." 


WR 


29 





WRITE: indicates that the processor is performing a write memory 
or write I/O cycle, depending on the state of the M/IO signal. WR is 
active for T2, T3 and Tw of any write cycle. It is active LOW, and 
floats to 3-state OFFC) in local bus "hold acknowledge." 


INTA 


24 





INTA is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3 and Tw of each interrupt acknowledge 
cycle. 


ALE 


25 





ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T-| of any bus cycle. Note that ALE is never floated. 


DT/R 


27 





DATA TRANSMIT/RECEIVE: needed in minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically DT/R is 
equivalent to §7 in the maximum mode, and its timing is the same 
as for M/IO. (T= HIGH, R = LOW.) This signal floats to 3-state 
OFFO) in local bus "hold acknowledge." 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


DEN 


26 





DATA ENABLE: provided as an output enable for the transceiver in 
a minimum system which uses the transceiver. DEN is active LOW 
during each memory and I/O access and for INTA cycles. For a 
read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning of T2 
until the middle of T4. DEN floats to 3-state OFF("0 in local bus 
"hold acknowledge." 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus 
"hold." To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as 
an acknowledgement in the middle of a T4 or Tj clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and controllines. After HOLD is detected as being LOW, 
the processor will LOWer the HLDA, and when the processor 
needs to run another cycle, it will again drive the local bus and 
control lines. 

The same rules as for RQ/GT apply regarding when the local bus 
will be released. 

HOLD is not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 
setup time. 



NOTE: 

1 . See the section on Bus Hold Circuitry. 



FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C86A circuitry is of static design. Internal regis- 
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C86A can operate from DC to the appropriate up- 
per frequency limit. The processor clock may be 
stopped in either state (high/low) and held there in- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C86A can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C86A power 
dissipation is directly related to operating frequency. 
As the system frequency is reduced, so is the oper- 
ating power until, ultimately, at a DC input frequency, 
the 80C86A power requirement is the standby cur- 
rent. 



INTERNAL ARCHITECTURE 

The internal functions of the 80C86A processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia- 
gram of Figure 1 . 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func- 
tions related to instruction fetching and queuing, op- 
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
of instruction pre-fetching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue acts as a First-In-First Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 
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Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all Instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 



The execution units receives pre-fetched instruc- 
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 



iFFFFFH 



REGISTER FILE 



64KB 



>FFSET 
-1— » 



CODE SEGMENT 
i XXXXOH 



STACK SEGMENT 



DATA SEGMENT 



EXTRA DATA SEGMENT 



Figure 3a. Memory Organization 



All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D 15 -D 8 ) and a low bank (D 7 -D ) of 512k 8-bit 
bytes addressed in parallel by the processor's ad- 
dress lines. 

A19-A1. Byte data with even addresses is trans- 
ferred on the D7-D0 bus lines while odd addressed 
byte data (Aq HIGH) is transferred on the D15-D8 
bus li nes. The processor provides two enable sig- 
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing 
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word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro- 
cessing or task multiplexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from ad- 
dress FFFFOH through FFFFFH are reserved for op- 
erations including a jump to the initial program load- 
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be. Locations 00000H through 003FFH are re- 
served for interrupt operations. Each of the 256 pos- 
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 
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Figure 3b. Reserved Memory Locations 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi- 
mum 80C86A systems are sufficiently different that 



they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 80C86A is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86A treats pins 24 through 31 in maximum 
mode. An 82C88 bus controller interprets status in- 
formation coded into 3o, 5i» S2 to generate bus tim- 
ing and control signals compatible with the MULTI- 
BUS® architecture. When the MN/RR? pin is 
strapped to v*cc, the 80C86A generates bus control 
signals itself on pins 24 through 31, as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. / 

BUS OPERATION 

The 80C86A has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff- 
ered directly and used throughout the system with 
address latching provided on memory and I/O mod- 
ules. In addition, the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus is desired for the 
system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to asTj, T2, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T^ and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states 0w) are in- 
serted between T3 and T4. Each inserted "Wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C86A bus cycles. These are 
referred to as "Idle" states (T-j) or inactive CLK cy- 
cles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 
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Figure 4a. Minimum Mode IAPX 80C86A Typical Configuration 
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Figure 4b. Maximum Mode 80C86A Typical Configuration 
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Figure 5. Basic System Timing 



Status bits So, Si, and S2 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 



s 2 


s t 


So 


Characteristics 


(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



therefore valid during T2 through T4. S3 and S4 indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 



s 4 


S3 


Characteristics 


O(LOW) 



1 (HIGH) 

1 



1 


1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. 
S6=0 and S7 is a spare status pin. 



Status bits S3 through S7 are multi plexed with high- 
order address bits and the BHE signal, and are 
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I/O ADDRESSING 

In the 80C86A, I/O operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines A15-A0. 
The address lines A19-A16 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter DX as a pointer have full address capability while 
the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page of the 
I/O address space. 

I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on Di5-De. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 



initialization the HIGH-to-LOW transition of RESET 
must occur no sooner than 50 juis after power-up, to 
allow complete initialization of the 80C86A. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFFOO during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF0). ALE and HLDA are driven low. 

NOTE: 

1. See the section on Bus Hold Circuitry. 



EXTERNAL INTERFACE 



PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C86A RESET is required to be HIGH for four or 
more CLK cycles. The 80C86A will terminate opera- 
tions on the high-going edge of RESET and will re- 
main dormant as long as RESET is HIGH. The low- 
going transition of RESET triggers an internal reset 
sequence for approximately 7 CLK cycles. After this 
interval the 80C86A operates normally beginning 
with the instruction in absolute location FFFFOH 
(see Figure 3b). The details of this operation are 
specified in the Instruction Set description of the 
MCS®-86 Family User's Manual. The RESET input is 
internally synchronized to the processor clock. At 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C86A pins 2-16, 26-32, and 
34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 jutA minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply cur- 
rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 
pull-up resistors. 



"PULL-UP" 




EXTERNAL 
PIN 



Input Buffer exists only on I/O pins 



Figure 6a. Bus hold circuitry pin 2-16, 34-39. 



Figure 6b. Bus hold circuitry pin 26-32. 



2-41 



irrteT 



80C86A 



INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type". An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to "vec- 
tor" through the appropriate element to the new in- 
terrupt service program location. 



NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchroniz- 
ed to the clock. Any high-going transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in- 
structions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 



MASKABLE INTERRUPT (INTR) 

The 80C86A provides a single interrupt request input 
(INTR) which can be masked internally by software 



with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 7) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 80C86A emits the 
LOCK signal from T2 of the first bus cycle until T2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 



HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In Maximum Mode, the processorjssues ap- 
propriate HALT status on S2, Sf and So and the 
82C88 bus controller issues owe ALE. The 80C86A 
will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86A out of the 
"HALT" state. 
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Figure 7. Interrupt Acknowledge Sequence 



READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of "an instruction. This 
provides the processor with the capability of per- 
forming read /modify/ write operations on memory 
(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys- 
tem bus master receiving intervening memory cy- 
cles. This is useful in mutliprocessor system conf igu- 
ratio ns to a ccomplish "test and set lock" operations. 
The LOCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instru ction fo llowing the "LOCK" prefix instruction. 
While LOCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 80C86A pr ovides a single software- 
testable input known as the TEST signal. At any time 
the program may ex ecute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro- 



gram execution becom es suspended while the proc- 
essor waits for TEST to become active. It must re- 
main active for at least 5 CLK cycles. The WAIT in- 
struction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
8QC86A drivers go to 3-state OFF if bus "Hold" is 
entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 



BASIC SYSTEM TIMING 

Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MX pin is strapped to V<x and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod- 
ed status information which the 82C88 bus control- 
ler uses to generate MULTIBUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 
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Figure 8. 80C86A Register Model 



SYSTEM TIMING— MINIMUM SYSTEM 

The read cycle begins in Ti with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and Aq signals ad- 
dress the low, high, or both bytes. From Ti to T4 the 
M/IO signal indicates a memory or I/O operation. At 
T2 the address is removed, from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at T2. The read (RD) 
signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to bu ffer 
the 80G86A local bus, signals DT/R and DEN are 
provided by the 80C86A. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/IO signal is 
again asserted to indicate a memory or I/O write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During T2, T3, and 
Tw the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop- 
er byte(s) of the memory/ IO word to be read or writ- 
ten according to the following table: 



BHE 


AO 


Characteristics 





1 

1 



1 



1 


Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 
None 



I/O ports are addressed in the same manner as 
memory location. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on D15-D8. 

The basic difference between the interrupt acknowl- 
edge cycle and a r ead c ycle is that the interrupt ac- 
knowledge signal (INTA) is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines D7-D0 as supplied by the interrupt system log- 
ic (i.e., 82C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter- 
rupt vector lookup table, as described earlier. 



BUS TIMING— MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con- 
nected to Vss and the 82C88 Bus Controller is $dd- 
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86A is_capable of han- 
dling. Signals ALE, DEN, and DT/R are generated 
by the 82C88 instead of the processor in this config- 
uration although their timing remains relatively the 
same. The 80C86A status outputs (S 2 ,Si, and S ) 
provide type-of-cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn't 
valid at the leading edge of write. The transceiver 
recejyes the usual T and OE inputs from the 82C88 
DT/R and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter- 
rupt Controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) -0.5 to 7.0V 

Input Voltage Applied 

(w.r.t. ground) -0.5 to Vcc + 0.5V 

Output Voltage Applied 

(w.r.t. ground) -0.5 to Vcc + 0-5V 

Power Dissipation 1 .0W 

Storage Temperature -65°C to 150°C 

Ambient Temperature Under Bias 0°C to 70°C 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

(T A = o Cto70°C,V C c = 5V ±5%) 



Symbol 


Parameter 


80C86A-2 


Units 


Test Conditions 


Mln 


Max 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V| H 


Input High Voltage 
(All inputs except clock) 


2.0 




V 




V C H 


Clock Input High Voltage 


Vcc-0.8 




V 




Vol 


Output Low Voltage 




0.45 


V 


Id = 2.5 mA 


Voh 


Output High Voltage 


3.0 
Vcc-0.4 




V 


l H = -2.5 mA 
I O h=-100/xA 


'cc 


Power Supply Current 




10mA/MHz 


V, L = GND, V| H = V C c 


•ccs 


Standby Supply Current 




500 


jaA 


V|N = Vcc or GND 
Outputs Unloaded 
CLK = GND or Vcc 


Ili 


Input Leakage Current 




±1.0 


julA 


0V <. V, N <. V C c 


Ibhl 


Input Leakage Current 
(Bus Hold Low) 


50 


400 


jaA 


V| N = 0.8V 
(Note 4) 


Ibhh 


Input Leakage Current 
(Bus Hold High) 


-50 


-400 


julA 


V, N = 3.0V 
(Note 5) 


Ibhlo 


Bus Hold Low Overdrive 




600 


jmA 


(Note 2) 


•bhho 


Bus Hold High Overdrive 




-600 


juiA 


(Note 3) 


Ilo 


Output Leakage Current 




±10 


M-A 


V UT = GNDorV cc 


C IN 


Capacitance of Input Buffer 
(All inputs except 
AD -AD 15> RQ/GT) 




5 


PF 


(Notel) 


ClO 


Capacitance of I/O Buffer 
(AD -AD 15 ,RQ/GT) 




20 


pF 


(Note 1) 


C OUT 


Output Capacitance 




15 


PF 


(Note 1) 



NOTES: 

1. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vin at +5.0V or GND. 

2. An external driver must source at least Ibhlo to switch this node from LOW to HIGH. 

3. An external driver must sink at least Ibhho to switch this node from HIGH to LOW. 

4. Test Condition is to lower Vin to GND and then raise Vin to 0.8V on pins 2-16 & 34-39. 

5. Test Condition is to raise Vin to Vcc and then lower Vin to 3.0V on pins 2-16, 26-32 & 34-39. 



2-45 



infer 



80C86A 



A.C. CHARACTERISTICS 

(T A = 0°C to 70°C, V C c = 5V ±5%) 



MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 






Symbol 


Parameter 


80C86A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLCL 


CLK Cycle Period 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


68 




ns 


TCHCL 


CLK High Time 


44 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


20 




ns 




TCLOX 


Data in Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time 
into 82C84A 
(Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time 
into 82C84A 
(Notes 1,2) 







ns 


TRYHCH 


READY Setup 
Time into 80C86A 


68 




ns 


TCHRYX 


READY Hold Time 
into 80C86A 


20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


20 




ns 


TINVCH 


INTR, NMI, TEST 
Setup Time 
(Note 2) 


15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




15 


ns 


From 2.0V to 0.8V 
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80C86A 



A.C. CHARACTERISTICS (Continued) 
(T A = 0°C to 70°C, V C c = 5V ±5%) 

Timing Responses 



Symbol 


Parameter 


80C86A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLAV 


Address Valid Delay 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float 
Delay 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




50 


ns 


TCHLL 


ALE Inactive Delay 




55 


ns 


TLLAX 


Address Hold Time 
to ALE Inactive 


TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


70 


ns 


TCHCTV 


Control Active 
Delay 2 


10 


60 


ns 


TCVCTX 


Control Inactive 
Delay 


10 


70 


ns 


TAZRL 


Address Float to 
READ Active 







ns 


TCLRL 


RD Active Delay 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


80 


ns 


TRHAV . 


RD Inactive to Next 
Address Active 


TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-40 




ns 


TAVAL 


Address Valid to 
ALE Low 


TCLCH-40 




ns 


TOLOH 


Output Rise Time 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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80C86A 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/ OUTPUT 



"zx; 

0.45 f \- 



3KZ 



0.45 

240029-12 
A.C. Testing inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 1 .5V. 



DEVICE 
UNDER 
TEST 



I 



240029-14 



C L Includes Jig Capacitance 



WAVEFORMS 

MINIMUM MODE 



CLK (ttCMA Output) 



V C H 



M/IO 



BHE7S7, AiWSe-Aie/Sa 



ROY (8?C84A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 

(NOTE 1) 

(WR.IHTA-Voh) 



ADis-ADq 



X. 



Ti 
-TCLCL- 



)C 



/ 



TCLAX- 



T 3 T W 



CHlCH2-*j U- —A k- TCL2CL1 / 



iHl,Al»-Ai« 



TAVAL 
TCHLL— I 



\ 



TAVAL 
TLLAX— 



X 



TRYLCL 



zx: 



\ 



S7-S3 



k-TCLR 



\ 



TCHCTV TCLRL 




s ^r\ 



j- 



\ 




x 



x 



_/ 



c 



240029^13 
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80C86A 



WAVEFORMS (Continued) 
MINIMUM MODE (Continued) 



CLK (S2CMA Output) 






M/R5 



ITOSr, A tt «.-An» 3 



WRITE CYCLE 
(NOTE . 
(&0\JN7A\ 
DTm-VoM) 



INTA CYCLE 
(NOTES 1 t 3) 
KB.WTUVqh 
■TO- Vol) 



A 



Ti 
- TCLCL - 



/ 



CH1CH2-I I* -*| 



T$ Tw 
— TCI2CL1 



SRI, A„-Ak 



■+- 



TAVAL 
TCHLL— I 



\ 



I TCIDV 
TCLAX— 



X 



^^JT\ 



—i TLL 



X. 




TCVCTX— 
TDVCL 



J 



X 



X 



| — TCVCTX 




SOFTWARE HALT— 
R0,WR,INTA = V O H 
DT/R- 



¥ 



INVALID ADDRESS 



SOFTWARE HALT 



240029-15 



NOTES: 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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80C86A 



A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REOUIREMENTS 



Symbol 


Parameter 


80C86A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLCL 


CLK Cycle Period 


125 


D,C. 


ns 




TCLCH 


CLK Low Time 


68 




ns 


TCHCL 


CLK High Time 


44 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


20 




ns 




TCLDX 


Data in Hold Time 


10 




ns 


TR1 VCL 


RDY Setup Time into 82C84A 
(Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 82C84A 
(Notes 1,2) 







ns 


TRYHCH 


READY Setup Time into 80G86A 


68 




ns 


TCHRYX 


READY Hold Time into 80C86A 


20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 4) 


-8 




ns 


TINVCH 


SetUp Time for Recognition 
(INTR, NMI, TEST) 
(Note 2) 


15 




ns 


TGVCH 


RQ/GT Setup Time 


15 




ns 


TGHGX 


RQ Hold Time into 80C86A 


30 




ns 


TILIH 


Input Rise Time 
(Except CLK) (Note 5) 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) (Note 5) 




15 


ns 


From 2.0V to 0.8V 
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80C86A 



A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


80C86A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLML 


Command Active 
Delay (Note 1) 


5 


35 


ns 




TCLMH 


Command Inactive 
Delay (Note 1) 


5 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (Note 3) 




65 


ns 


TCHSV 


Status Active Delay 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High (Note 1) 




20 


ns 


TSVMCH 


Status Valid to 
MCE High (Note 1) 




30 


ns 


TCLLH 


CLK Low to ALE Valid (Note 1) 




20 


ns 


TCLMCH 


CLK Low to MCE High (Note 1) 




25 


ns 


TCHLL 


ALE Inactive Delay (Note 1) 


4 


18 


ns 


TCLDV 


Data Valid Delay 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (Note 1) 


10 


45 


ns 


TAZRL 


Address Float to Read Active 







ns 


TCLRL 


RD Active Delay 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


80 


ns 


TRHAV 


RD Inactive to 
Next Address Active 


TCLCL-40 




ns 


TCHDTL 


Direction Control 
Active Delay (Note 1) 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay (Note 1 ) 




30 


ns 


TCLGL 


GT Active Delay 





50 


ns 


TCLGH 


GT Inactive Delay 





50 


ns 


TRLRH 


RD Width 


2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 

5. These parameters are characterized and not 100% tested. 
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80C86A 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/ OUTPUT 

"D£ 

0.45 ' \- 



1KZ 



240029-16 

A.C. Testing inputs are driven at 2.4V for a logic "1 " and 0.45V for 
a logic "0". Timing measurements are made at 1.5V 



DEVICE 
UNDER 
TEST 



t 



240029-17 



Cl Includes Jig Capacitance 



WAVEFORMS 

MAXIMUM MODE 



y~\-T\ 



Si.Sl.SH (EXCEPT HALT) 



BHl/S 7 , A 1t /Se-A 16 /S, 



ALE (SSCSS OUTPUT) 



RDY(I2CS4 INPUT) 



READY (MCM INPUT) 



•acts OUTPUTS 
SEE NOTES 5,6 



ftTffiC OB raise 



V. 



TSVLH-* 
TCLLR* 



T, • T 2 
TCH1CH2-* 



SHI. Ai»-A,| 



/ 



£ 



\ 



1 h ~i K TcLacu t w 



x 



ZJC 



~\ 



X 



VMi 



^^JT\ 



l (SEE NOTE 7) 

TCHDX-* 



h-TCLR1X 



J 




\ 



"V 



f 



X 



x: 



x 



/ 




c 
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80C86A 



WAVEFORMS (Continued) 
MAXIMUM MODE (Continued) 



CLK 



VCH. 



VCL- 



S 2 ,S„S (EXCEPT HALT) 
WRITE CYCLE TCLAV- 



82C88 OUTPUTS , 
NOTES 5,6 



INTA CYCLE 



AD 15 -AD 
DEN 




AMWCORAlOWC 
MUfF€ORiOWC 



AD 15 -AD FLOAT 
NOTES 3,4 



AD 15 -AD 



TSVMCH-* 



82C88 OUTPUTS 
NOTES 5.6 



MCE/ — — 
PDEN T CLMCH -* 
DT/R "■"■ 



INTA 



DEN 



SOFTWARE HA LT- 

(DEN = V OL ;RD,MRDC,IORC,MWTC,AMWC, 
IOWC,AlOWC,iNTA, = V 0H ) 



^ TCJLAX 



tcvnV* 



H-TCLML 



RESERVED FOR 
CASCADE ADDR 



FLOAT 




TCLML-H 



TCLMH-* 



H- TCLML 



— TDVCL- 
[ POINTER 



(NOTE 7) x 



f 



— TCLMH 



F 



|— TCHDX 



h- TCVNX 



FLOAT 
-TCLDX 



TCVNV 



TCVNX — 



FLOAT 



/ 



KTCHDTH 



/TCLMH 



AD 1S -AD 



TCLAV -* 



£ 



INVALID ADDRESS 



S 



\ 



240029-19 



NOTES: 

1. Alt timing measurements are made at 1.5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, T w to determine if Tyy machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82C88 are shown for reference only. 

6. The issuance of the 82C88 command and control signals (MRDU, MWTC, AMWC, TORS, E5wC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN. 

7. Status inactive in state just prior to T 4 . 
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80C86A 



WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 



INTR 




—| k- TIN VCH(se« note) 



SIGNAL 



~* 



240029-20 

NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



RESET TIMING 



CLK 
JCLAV 



ANY CLK CYCLE ANY CLK CYCLE 

' -A h- ~H t*-r TCLAV 



240029-21 



v cc 

CLK 
-RESET 




i 


\. ~ 5 '"* C . 




"^ i — \- 

TCLDX-H ** — 

tdvcl-hH ,*+— 

jt^k 

24 CLK CYCLES 

240029-22 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



ANY CLK > CLK 
CYCLE CYCLE 




(SEE NOTE) 



NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 



80C86A 



240029-23 
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80C86A 



WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



> 1 CLK CYCLE 




•_> 



AD 1S -AD , 
A, 9 /8 e .A„/8„ »- 

iHfe/SjjM/io, t- 
dt/r, wff, Sen 



1 OR 2 CYCLES 






; r V- 



X. 



XL 



COPROCESSOR 



/-S 



240029-24 



Table 2. Instruction Set Summary 



Mnemonic and 
Description 


Instruction Code 


DATA TRANSFER 
MOV = Move: 

Register/Memory to/from Register** 
Immediate to Register/ Memory 
Immediate to Register 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register* * 
Segment Register to Register/ Memory 

PUSH = Push: 
Register/Memory 
Register 
Segment Register 

POP = Pop: 

Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 
Register/Memory with Register 
Register with Accumulator 
IN = Input from: 
Fixed Port 
Variable Port 

OUT = Output to: 

Fixed Port 
Variable Port 

XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LOS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


76543210 


76543210 


76543210 


76543210 


100010dw 


mod reg r/m | 






1 10001 1 w 


mod r/m | 


data 


dataifw = l | 








- 


1 1 1 w reg 


data | 


data if w = 1 








1010000w 


addr-low | 


addr-high 








1010001W 


addr-low 


addr-high 








10001 1 10 


mod reg r/m | 






10001 100 


mod reg r/m | 






11111111 


mod 1 1 r/m | 






1 1 reg 




reg 1 1 




10001 1 1 1 


mod r/m | 






1 1 1 reg 




reg 1 1 1 




100001 1w 


mod reg r/m | 






1 1 reg 




1 1 10010w 


port | 


1 1 101 10w 






1 1 1001 1w 


port | 






1 1 101 1 1 w 


11010111 


10001101 


mod reg r/m | 






1 1000101 


mod reg r/m 


11000100 


mod reg r/m 


1001 1111 




10 011110 


1001 1 100 


1001 1 101 
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Table 2. Instruction Set Summary (Continued) 


. '. .'• '.-' ;,, \ : ■ 


Mnemonic and 
Description 


Instruction Code 


ARITHMETIC 
ADD = Add: 

Reg. / Memory with Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg./Memory with Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

INC = Increment: 

Register/Memory 

Register 

AAA = ASCII Adjust for Add 

DAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg/Memory and Register to Either 

Immediate from Register/Memory 

Immediate from Accumulator 

SBB = Subtract with Borrow 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 

Register/Memory 

Register 

NEG = Change Sign 

CMP = Compare: 

Register/Memory and Register 

Immediate with Register/Memory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

AAD = ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 


76543210 


76543210 76543210 


76543210 


0,0 d w 


mod reg r/m | 


1 OOOOOsw 


mod 00 r/m ] data 


| data if s w = 01 ] 


000001 Ow 


data | data if w = 1 


1 






000100dw 


mod reg r/m | 


1 OOOOOsw 


mod 01 Or/m | data 


| data if sw = 01 | 


0001010W 


data | data if w =? 1 


1 






11 1 11 i 1 w 


mod r/m | 


010 reg 




001 10111 


001001 1 1 




1 1 dw 


mod reg r/m | 


1 S w 


mod 1 1 r/m | data 


| dataifsw^ 01 | 


00101 10w 


data I data if w = 1 


I 






011 d w 


mod reg r/m | 


1 OOOOOsw 


mod 1 1 r/m | data 


| data if s w = 01 | 


0001 1 10w 


data I data if w = 1 


l 






1 1 1 1 1 1 1 w 


mod 01 r/m | 


01 001 reg 




1 1 1 101 1 w 


mod 1 1 r/m | 






001 1 10dw 


mod reg r/m | 


1 OOOOOSW 


modi 1 1 r/m | data 


| dataifsw = 01 | 


001 1 1 10w 


data I data if w = 1 


1 


111111 




00101111 


1 1 1 101 1 w 


mod 10 r/m | 


1 1 1 1 01 1 w 


mod 1 1 r/m | 


1 10101 00 


00001010 | 


1 1 1 1 01 1 w 


modi 1 Or/m | 


1111011W 


mod 11 1 r/m | 


1 10101 01 


00001 010 | 


1001 1000 




10 0110 01 
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8086/8088 Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR « Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

TEST = And Function to Flags, No Result: 

Register/Memory and Register 

Immediate Data and Register/Memory 

Immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
XOR = Exclusive OR: 
Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 

Direct Within Segment 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 


76543210 


76543210 


76543210 


76543210 


1 1 1 1011w 


mod 1 r/m 


1 10100vw 


mod 1 r/m 


1 10100vw 


mod 1 1 r/m 


1 10100vw 


mod 1 1 1 r/m 


1 10100vw 


mod 000 r/m 


1 10100vw 


mod 01 r/m 


1 10100vw 


mod 010 r/m 


1 10100vw 


mod 1 1 r/m 






001000dw 


mod reg r/m 


1000000W 


mod 1 r/m 


data 


data if w = 1 | 


0010010W 


data 


data if w = 1 










1 00001 Ow 


mod reg r/m 


1 1 1 101 1w 


mod r/m 


data 


data if w = 1 | 


10101 OOw 


data 


data if w = 1 










000010dw 


mod reg r/m 


1000000W 


mod 1 r/m 


data 


data if w = 1 | 


0001 1 Ow 


data 


data if w = 1 










001 1 OOdw 


mod reg r/m 






1 OOOOOOw 


mod 1 1 r/m 


data 


data if w = 1 | 










0011010W 


data 


data if w = 1 








1111 0012 




101 0010w 




101001 1 W 




10101 1 1w 




1 1 1 1 w 




1 1 1 1 w 




1 1 101000 


disp-low 


disp-high 


11111111 


mod 1 r/m 








1001 1010 


offset-low 


offset-high 








seg-low 


seg-high 






11111111 


mod 1 1 r/m 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 



Instruction Code 



CONTROL TRANSFER (Continued) 
JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg. Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/JPE = Jump on Parity/ Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/ JGE = Jump On Not Less/Greater 

Or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/ Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE « Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO - Interrupt on Overflow 

IRET = Interrupt Return 



76 543210 


76543210 


76543210 


| 1 1 101001 


disp-low 


disp-high | 








I 1110101 1 


disp 










[ 11111111 


modi OOr/m 










| 11101010 


Offset-low 


offset-high | 








seg-low 


seg-high | 








I 11111111 


mod 1 1 r/m 










| 11000011 








| 1 1000010 


data-low 


data-high | 








| 11001011 








| 11001010 


data-low 


data-high | 








| 01110100 


disp 




I 01111100 


disp 










| 01111110 


disp 










| 01 1 10010 


disp 










| 01110110 


disp 










| 01111010 


disp 










| 01 1 10000 


disp 










| 01111000 


disp 










| 01110101 


disp 










| 01111101 


disp 










I 0111111 1 


disp 










| 01 1 1001 1 


disp 










| 01110111 


disp 










| 01111011 


disp 










| 01 1 10001 


disp 










| 01 1 1 1001 


disp 




| 1110 010 


disp 










| . 1 1 100001 


disp 






x - 




| 11100000 


disp 










I 11100011 


disp 










] 1 1001 101 


type 










| 11001100 








I 1 loot no : 








| 1 1001 11 1 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 


76 5 43210 


76543210 


111 11000 




11110101 




1111 1001 




1 1 111 100 




11111101 


11111010 




11111011 




1 1 1 10100 




10011011 




11011 xxx 


modxxxr/m | 






1 1 1 10000 



NOTES: 

AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
DS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 

Less = less positive (more negative) signed values 
if d == 1 then "to" reg; if d = then "from" reg 
if w =1 then word instruction; if w = then byte instruc- 
tion 
if mod = 1 1 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are 

absent 
if mod = 01 then DISP = disp-low sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m = 110 then EA = disp-high: 
disp-low. 
**MOV CS, REG/MEMORY not allowed. 



if s w = 01 then 16 bits of immediate data form the oper- 
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if v = then "count" = 1; if v = 1 then "count" in (CL) 
register 

x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 



1 reg 1 1 



REG is assigned according to the following table: 



16-Bit (w= 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(lF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics © Intel, 1978 



DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -001 data sheet. Please review this summa- 
ry carefully. 

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected. 
HLDA will be issued in the middle of either the T4 or T,- state. 
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16-BIT CHMOS MICROPROCESSOR 



Pin-for-Pin and Functionally Compatible 
to Industry Standard HMOS 8086 

Fully Static Design with Frequency 
Range from D.C. to: 

— 5 MHz for 80C86AL 

— 8 MHz for 80C86AL-2 

Low Power Operation 

— Operating l cc = 10 m A/MHz 

— Standby ices = 500 /xA Max 
Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

Direct Addressing Capability of 
1 MByte of Memory 



Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

24 Operand Addressing Modes 

Byte, Word and Block Operations 

8 and 1 6*Bit Signed and Unsigned 
Arithmetic 

— Binary or Decimal 

— Multiply and Divide 

Available in 40-Lead Plastic DIP and 
44-Lead PLCC Packages 

(See Packaging Spec, Order #231369) 



The Intel 80C86AL is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. It 
is available in 5 and 8 MHz clock rates. The 80C86AL offers two modes of operation: MINimum for small 
systems and MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP and 44-pin 
plastic leaded chip carrier (PLCC) package. 



3B 
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~3J OT/K, SIN, AU 
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Figure 1.80C86 A L 
CPU Block Diagram 



80C86AL 
CPU 



t MM. I 
IMODEf 



40 DVcc 

39 3AD15 

38 3*016/ S3 

37 3A17/84 

36 3A18/85 

35 3A19/86 

34 3BHE/S7 

33 D MR/MX 

32 3RD 

31 DRO/5f0(HOLO) 

30 DRQ/OT1(HLOA) 

29 3 LOCK (WR) 

28 382 (M/IO) 
381 (DT/5) 

380 (DEN) 

3QS0 (ALE) 
3Q81 (WTA) 
3TB8T 
3 READY 
3 RESET 



240074-2 

Figure 2a. 80C86AL 
40-Lead P-DIP Configuration 
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010c: 7 

D9C 8 
08C 9 
A07C 10 
A06C 11 
A05C 12 
AD4C IS 
A03C U 
A02C 15 
ADiC 16 
ADO C 17 



MAX f MIN 1 
UJ MODE IMODEJ 
39 3 NC 
38 3 A19/S6 
37 3 BHI/S7 
36 DMN/MX 

35 im 

H 3 R57CT5 (HOLD) 

33 3R07cfl (HLDA) 

32 3 LOCK (iS) 

31 3 §2 (M/B) 

30 3 SI (0T/R) 

29 3 so may 



18 19 20 21 22 23 24 25 26 27 26 



uuuuuuuuuuu 

-..IS , " 

240074-3 

Figure 2b. 80C86AL 
44-Lead PLCC Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for 80C86AL systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multiplexed bus interface connection to the 80C86AL (without 
regard to additional bus buffers). 



Symbol 


P-DIPConfig. 
Pin No. 


Type 


Name and Function 


AD 15 -AD 


2-16,39 


I/O 


ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/IO address (T-|) and data (T2, T3, Tw, T4) 
bus. Ao is analogous to BHE for the lower byte of the data bus, 
pins D7-D0. It is LOW during T1 when a byte is to be transferred 
on the lower portion of the bus in memory or I/O operations. Eight- 
bit oriented devices tied to the lower half would normally use Ao to 
condition chip select functions. (See BHE.) These lines are active 
HIGH and float to 3-state OFFO) during interrupt acknowledge and 
local bus "hold acknowledge." 


A 19 /S 6 , 
A18/S5, 
A17/S4, 
A16/S3 


35-38 





ADDRESS/STATUS: During T-j these are the four most significant 
address lines for memory operations. During I/O operations 
these lines are LOW. During memory and I/O operations, 
status information is available on these lines during T2, T3, Tw, 
and T4. The status of the interrupt enable FLAG bit (S5) is updated 
at the beginning of each CLK cycle. A17/S4 and A16/S3 are 
encoded as shown. 

This information indicates which relocation register is presently 
being used for data accessing. 

These lines float to 3-state OFFO) during local bus "hold 
acknowledge." 


A17/S4 


A16/S3 


Characteristics 


O(LOW) 


1 (HIGH) 
1 

S 6 is0 
(LOW) 




1 



1 


Alternate Data 

Stack 

Code or None 

Data 


BHE/S7 


34 





BUS HIGH ENABLE/STATUS: During 1^ the bus high enable signal 
(BHE) should be used to enable data onto the most significant half 
of the data bus, pins D15-D8. Eight-bit oriented devices tied to the 
upper half of the bus would normally use BHE to condition chip 
select functions. BHE is LOW during T-| for read, write, and 
interrupt acknowledge cycles when a byte is to be transferred on 
the high portion of the bus. The S7 status information is available 
during T2, T3, and T4. The signal is active LOW, and floats to 
3-state OFFf) in "hold." It is LOW during T1 for the first interrupt 
acknowledge cycle. 


BHE 


Ao 


Characteristics 





1 

1 




1 



1 


Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 
None 
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Table 1. Pin Description (Continued) 



Symbol 


P-DIPConfig. 
Pin No. 


Type 


Name and Function 


RD 


32 





READ: Read strobe indicates that the processor is performing a 
memory of I/O read cycle, depending on the state of the S2 pin. 
This signal is used to read devices which reside on the 80C86AL 
local bus. RD is active LOW during T2, T3 and Tw of any read 
cycle, and is guaranteed to remain HIGH in T2 until the 80C86AL 
local bus has floated. 

This floats to 3-state OFF in "hold acknowledge." 


READY 


22 


" l' i; 


READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The READY 
signal from memory/ IO is synchronized by the 82C84A Clock 
Generator to form READY. This signal is active HIGH. The 
80G86AL READY input is not synchronized. Correct operation is 
not guaranteed if the setup and hold times are not met. 


INTR 


18 


I 


INTERRUPT REQUEST: is a level triggered input which is 
sampled during the last clock cycle of each instruction to 
determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. It can be 
internally masked by software resetting the interrupt enable bit. 
INTR is internally synchronized. This signal is active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "Wait" instruction, if the TEST 
input is LOW execution continues, otherwise the processor waits 
in an "Idle" state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 


NMI 


17 


I 


NON-MASKABLE INTERRUPT: an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns LOW. RESET is internally 
synchronized. 


CLK 


19 


I 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc 


40 




Vcc : + 5V power supply pin. 


GND 


1,20 




GROUND: Both must be connected. 


MN/MX 


33 


I 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 80C86AL/82C88 system in maximum mode (i.e., 
MN/MX- Vssf- Only the pin functions which are unique to maximum mode are described; all other pin func- 
tions are as described above. 



Symbol 


P-DIPConfig. 
Pin No. 


Type 


Name and Function 


§2, Si,§o 


26-28 





STATUS: active during T4, T-i, and T2 and is returned to the passive 
state (1,1,1) during T 3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and I/O access control signals. Any change by S2, Si, §0 during T4 
is used to indicate the beginning of a bus cycle, and the return to 
the passive state in T3 or Tw is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFFC) in "hold acknowledge." These 
status lines are encoded as shown. 


r 2 


§T 


So 


Characteristics 


(LOW) 





1 (HIGH) 
1 

1 
1 





1 
1 


1 
1 




1 

1 

1 

1 


Interrupt 
Acknowledge 
Read I/O Port 
Write I/O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive 


R5/GTo 

rq/gtV 


30,31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor's current bus cycle. Each pin is bidirectional with 
RQ/STo having higher priority than RQ/GT-|. RQ/GT has an 
internal pull-up resistor so may be left unconnected. The 
request/grant sequence is as follows (see timing diagram): 

1 . A pulse of 1 CLK wide from another local bus master indicates a 
local bus request ("hold") to the 80C86AL (pulse 1). 

2. During a T 4 or T-| clock cycle, a pulse 1 CLK wide from the 
80C86AL to the requesting master (pulse 2), indicates that the 
80C86AL has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next CLK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 
80C86AL (pulse 3) that the "hold" request is about to end and that 
80C86AL can reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead CLK cycle after each bus 
exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T4 of the cycle when all the 
following conditions are met: 

1 . Request occurs on or before T2. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 



Symbol 


P-DIP Conf ig. 
Pin No. 


Type 


Name and Function 








If the local bus is idle when the request is made the two possible 
events will follow: 

1 . Local bus wjll be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 


LOCK 


29 





LOCK: output indicates that other system bus masters are not to 
gain control of the system bus while LOCK is active LOW. The 
LOCK signal is activated by the "LOCK" prefix instruction and 
remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFFO ) in "hold 
acknowledge." 


QS^QSq 


24, 25 





QUEUE STATUS: The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
QS-| and QSo provide status to allow external tracking of the internal 
80C86AL instruction queue. 


QSi 


QSo 


Characteristics 


O(LOW) 



1 (HIGH) 

1 



1 


1 


No Operation 

First Byte of Op Code from Queue 
Empty the Queue 
Subsequent Byte from Queue 



The following pin function descriptions are for the 80C86AL in minimum mode (i.e., MN/MX= Vqc)- Only the 
pin functions which are unique to minimum mode are described; all other pin functions are described above. 



M/IO 


28 





STATUS LINE: logically equivalent to S2 in the maximum mode. It 
is used to distinguish a memory access from an I/O access. M/IO 
becomes valicj in the T4 preceding a bus cycle and remains valid 
until the final T 4 of the cycle (M = HIGH, IO= LOW). M/lO floats to 
3-state 0FF(1) in local bus "hold acknowledge." 


WR 


29 


O 


WRITE: indicates that the processor is performing a write memory 
or write I/O cycle, depending on the state of the M/IO signal. WR is 
active for T2, T3 and Tyv of any write cycle. It is active LOW, and 
floats to 3-state OFFO) in local bus "hold acknowledge." 


INTA 


24 





INTA is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3 and Tw of each interrupt acknowledge 
cycle. 


ALE 


25 





ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T1 of any bus cycle. Note that ALE is never floated. 


DT/R 


27 





DATA TRANSMIT/RECEIVE: needed in minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically DT/R is 
equivalent to S-| in the maximum mode, and its timing is the same 
as for M/IO. (T- HIGH, R = LOW.) This signal floats to 3-state 
OFF( 1 ) in local bus "hold acknowledge." 
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Table 1. Pin Description (Continued) 



Symbol 


P-DIPConfig. 
Pin No. 


Type 


Name and Function 


DEN 


26 





DATA ENABLE: provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active 
LOW during each memory and I/O access and for INTA cycles. 
For a read or INTA cycle it is active from the middle of T2 until the 
middle of T4, while for a write cycle it is active from the beginning 
of T 2 until the middle of T 4 . DEN floats to 3-state OFF0) in local 
bus "hold acknowledge." 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus 
"hold." To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as 
an acknowledgement in the middle of a T4 or Tj clock cycle. 
Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being 
LOW, the processor will LOWer the HLDA, and when the 
processor needs to run another cycle, it will again drive the local 
bus and control lines. 

The same rules as for RQ/GT apply regarding when the local bus 
will be released. 

HOLD is not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 
setup time. 



NOTE: 

1. See the section on Bus Hold Circuitry. 

FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C86AL circuitry is of static design. Internal reg- 
isters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C86AL can operate from DC to the appropriate 
upper frequency limit. The processor clock may be 
stopped in either state (high/ low) and held there in- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C86AL can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C86AL pow- 
er dissipation is directly related to operating frequen- 
cy. As the system frequency is reduced, so is the 
operating power until, ultimately, at a DC input fre- 
quency, the 80C86AL power requirement is the 
standby current. 



INTERNAL ARCHITECTURE 

The internal functions of the 80C86AL processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia- 
gram of Figure 1 . 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func- 
tions related to instruction fetching and queuing, op- 
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
of instruction pre-fetching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue acts as a First-In-First Out 
(FIFO) buffer* from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 
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Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE(CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA(DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 



The execution units receives pre-fetched instruc- 
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 





■t 

64KB 

I, 


* . ' 




+ OFFSET 




SEGMENT 
REGISTER FILE 










-*— ' 



CODE SEGMENT 
XXXXOH 

STACK SEGMENT 
DATA SEGMENT 

EXTRA DATA SEGMENT 

OOOOH 
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Figure 3a. Memory Organization 



All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(Di5-Ds) and a low bank (Dj^Dq) of 512k 8-bit 
bytes addressed in parallel by the processor's ad- 
dress lines. 

A19-A1. Byte data with even addresses is trans- 
ferred on the D7-D0 bus lines while odd addressed 
byte data (Aq HIGH) is transferred on the D1 5 -De 
bus l ines. The processor provides two enable sig- 
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing 
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word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro- 
cessing or task multiplexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from ad- 
dress FFFFOH through FFFFFH are reserved for op- 
erations including a jump to the initial program load- 
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be. Locations 00000H through 003FFH are re- 
served for interrupt operations. Each of the 256 pos- 
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 











RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFFH 
FFFFOH 

3FFH 
3FCH 

7H 

4H 
3H 

OH 




INTERRUPT POINTER 
FOR TYPE 255 


• 
~ • ~ 

• 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 
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Figure 3b. Reserved Memory Locations 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi- 
mum 80C86AL systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 80C86AL is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86AL treats pins 24 through 31 in maximum 
mode. An 82C88 bus_controHer interprets status in- 
formation coded into So, Si , S2 to generate bus tim- 
ing and control signals compatible withjhe MULTI- 
BUS® architecture. When the MN/MX pin is 
strapped to Vcc. the 80C86AL generates bus con- 
trol signals itself on pins 24 through 31, as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. 



BUS OPERATION 

The 80C86AL has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff- 
ered directly and used throughout the system with 
address latching provided on memory and I/O mod- 
ules. In addition, the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus is desired for the 
system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as Ji, T2, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states Ow) are in- 
serted between T3 and T4. Each inserted "Wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C86AL bus cycles. These are 
referred to as "Idle" states (T-j) or inactive CLK cy- 
cles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 
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Figure 4a. Minimum Mode iAPX 80C86AL Typical Configuration 
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Figure 4b. Maximum Mode 80C86AL Typical Configuration 
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Figure 5. Basic System Timing 



Status bits So, S-j, and S2 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 



s 2 


Si 


So 


Characteristics 


(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



therefore valid during T2 through T4. S3 and S4 indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 



s 4 


S3 


Characteristics 


(LOW) 


1 (HIGH) 
1 



1 


1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. 
S6 = and S7 is a spare status pin. 



Status bits S3 through S7 are multi plexed with high- 
order address bits and the BHE signal, and are 
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I/O ADDRESSING 

In the 80C86AL, I/O operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines A15-A0. 
The address lines A19-A16 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter DX as a pointer have full address capability while 
the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page of the 
I/O address space. 

I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on D-^-De- Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 



EXTERNAL INTERFACE 



PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C86AL RESET is required to be HIGH for four or 
more CLK cycles. The 80C86AL will terminate oper- 
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 CLK cycles. Af- 
ter this interval the 80C86AL operates normally be- 
ginning with the instruction in absolute location 
FFFFOH (see Figure 3b). The details of this opera- 
tion are specified in the Instruction Set description of 
the MCS®-86 Family User's Manual. The RESET in- 
put is internally synchronized to the processor 



clock. At initialization the HIGH-to-LOW transition of 
RESET must occur no sooner than 50 ju,s after pow- 
er-up, to allow complete initialization of the 
80C86AL. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF0) during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF0). ALE and HLDA are driven low. 

NOTE: 

1. See the section on Bus Hold Circuitry. 

BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C86AL pins 2-16, 26-32, and 
34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 juA minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply cur- 
rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 
pull-up resistors. 
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Figure 6a. Bus hold circuitry pin 2-16, 
34-39 for P-DIP package. 
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figure 6b. Bus hold circuitry 
pin 26-32 for P-DIP package. 
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INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type". An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to "vec- 
tor" through the appropriate element to the new in- 
terrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchroniz- 
ed to the clock. Any high-going transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be. for multiply, divide and variable shift in- 
structions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 



ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C86AL provides a single interrupt request in- 
put (INTR) which can be masked internally by soft- 
ware with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 7) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 80C86AL emits the 
LOCK signal from T2 of the first bus cycle until T2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 
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Figure 7. Interrupt Acknowledge Sequence 



HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In Maximum Mode, the processorjssues ap- 
propriate HALT status on S2, Sj: and $0 and the 
82C88 bus controller issues one ALE. The 80C86AL 
will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86AL out of the 
"HALT" state. 



READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per- 
forming read/modify /write operations on memory 
(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys- 
tem bus master receiving intervening memory cy- 
cles. This is useful in mutliprocessor system configu- 
ratio ns to a ccomplish "test and set lock" operations. 
The LOCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instru ction fo llowing the "LOCK" prefix instruction. 
While LOCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
LOCK, 



EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 80C86AL provide s a s ingle soft- 
ware-testable input known as the TEST signal; At 
any time the program may execu te a WAIT instruc- 
tion. If at that time the TEST signal is inactive 
(HIGH), program execution becom es suspended 
while the processor waits for TEST to become ac- 
tive. It must remain active for at least 5 CLK cycles. 
The WAIT instruction is re-executed repeatedly until 
that time. This activity does not consume bus cycles. 
The processor remains in an idle state while waiting. 
All 80C86AL drivers go to 3-state OFF if bus "Hold" 
is entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 



BASIC SYSTEM TIMING 

Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MX pin is strapped to Vcc and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to V$s and the processor emits cod- 
ed status information which the 82C88 bus control- 
ler uses to generate MULTIBUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 
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Figure 8. IAPX 80C86AL Register Model 



SYSTEM TIMING— MINIMUM SYSTEM 

The read cycle begins in T-j with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and Ao signals ad- 
dress the low, high, or both bytes. From Ti to T4 the 
M/IO signal indicates a memory or I/O operation. At 
T2 the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at T2. The read (RD) 
signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to bu ffer 
the 80C86AL local bus, signals DT/R and DEN are 
provided by the 80C86AL. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/IO signal is 
again asserted to indicate a memory or I/O write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T 4 . During T2, T3, and 
Tw the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T 2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop- 
er byte(s) of the memory/ IO word to be read or writ- 
ten according to the following table: 



1HE 


AO 


Characteristics 





1 

1 



1 



1 


Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 
None 



I/O ports are addressed in the same manner as 
memory location. Even addressed bytes are trans- 
ferred on the D7-D0 bus lines and odd addressed 
bytes on D15-D8. 

The basic difference between the interrupt acknowl- 
edge cycle and a r ead c ycle is that the interrupt ac- 
knowledge signal (INTA) is asserted in place of the 
read (ED) signal and the address bus is floated. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines D7-D0 as supplied by the interrupt system log- 
ic (i.e., 82C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter- 
rupt vector lookup table, as described earlier. 

BUS TIMING— MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con- 
nected to Vss and the 82C88 Bus Controller is add- 
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86AL iscapable of han- 
dling. Signals ALE, DEN, and DT/R are generated 
by the 82C88 instead of the processor in this config- 
uration although their timing remains rejatively the 
same. The 80C86AL status outputs (S2, S-|, and So) 
provide type-of-cyde information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn't 
valid at the leading edge of write. The transceiver 
recejyes the usual T and OE inputs from the 82C88 
DT/R and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter- 
rupt Controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 

(With respect to ground) - 0.5 to 8.0V 

Input Voltage Applied 
(w.r.t. ground) -2.0 to Vcc + 0.5V 

Output Voltage Applied 

(w.r.t. ground) . . ". - 0.5 to Vcc + °- 5V 

Power Dissipation. . . ,....'. LOW 

Storage Temperature ... - 65°C to 1 50°C 

Ambient Temperature Under Bias . . — 0°C to 70°C 



Case Temperature (PDIP) 0°C to 80°C 

Case Temperature (PLCC) ........ .*. . .0°C to 85°C 

* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

(T A = 0°C to 70°C, T C ASE (Plastic) = 0°C to 80°C, T C ASE (PLCC) = 
(V C c = 5V ± 1 0% for 80C86AL, V C c = 5V ± 5% for 80C86AL-2) 



0°C to 85°C) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


v, L 


Input Low Voltage 




+ 0.8 


,.V :..■=: 


(Note 4) 


V, H 


Input High Voltage 
(All inputs except 
clock and MN/MX) 


2.0 




V 


(Note 5) 


V C H 


Clock and MN/MX 
Input High Voltage 


V CC -0.8 




v 




Vol 


Output Low Voltage 




0.4 


-V;,', 


Iol = 2.5 mA 


Voh 


Output High Voltage 


3.0 
Vcc-0.4 




v 


| 0H = -2.5 mA 
l H = -100/LtA 


'cc 


Power Supply Current 




10mA/MHz 


■'■■ V, L = GND, V,H = Vcc 


ices 


Standby Supply Current 




500 


JLtA 


V| N = VccorGND 
Outputs Unloaded 
CLK = GNDorVcc 


Ili 


Input Leakage Current 




±1.0 


/xA 


0V^V, N ^Vcc 


Jbhl 


Input Leakage Current 
(Bus HOId Low) 


50 


300 


jutA 


V| N = 0.8V 


'bhh . ' ;. 


Input Leakage Current 
(Bus Hold High) 


-50 


-300 


julA 


V| N = 3.0V 


'bhlo 


Bus Hold Low Overdrive 




400 ( 


/xA 


(Note 2) 


'bhho 


Bus Hold High Qverdrive 




-400 


JLtA 


(Note 3) 


Ilo 


Output Leakage Current 




±io 


'jmA' 


Vout = GND or V C c 


C|n 


Capacitance of Input Buffer 
(All inputs except 
ADo-AD 15 , RQ/GT) 




5 


PF 


(Notel) 


Cig 


Capacitance of I/O Buffer 
(ADo-ADi5.ro/GT) 




20 


Pf. 


(Notel) 


CquT 


Output Capacitance 




15 


PF 


(Notel) 



NOTES: 

1. Characterization conditions are a) Frequency = 1 MHz; b) Unrneasured pins at GND; c) Vin at +5.6V or GND. 

2. An external driver must source at least Ibhlo tp switch this node from LOW to HIGH. 

3. An external driver must sink at least Jbhho to switch this node from HIGH to LOW. 

4. V||_ for all input pins (except IvIN/MX pin) tested with MN/MX pin = GND. 

5. Vih tested with MN/MX pin == Vpc. 
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A.C. CHARACTERISTICS 

(T A = 0°C to 70°C, Tcase (Plastic) = 0°C to 80°C, Tqase (PLCC) = 
(Vcc = 5V ±10%for80C86AL,V C c = 5V ± 5% for 80C86AL-2) 



0°Cto85°C) 



MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


80C86AL 


80C86AL-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


D.C. 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 82C84A 
(Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time 
into 82C84A 
(Notes 1,2) 












ns 


TRYHCH 


READY Setup 
Time into 80C86AL 


118 




68 




ns 


TCHRYX 


READY Hold Time 
into80C86AL 


30 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 3) 


-8 




-8 




ns 


THVCH 


HOLD Setup Time 


35 




20 




ns 


TINVCH 


INTR, NMI, TEST 
Setup Time 
(Note 2) 


30 




15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




15 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




15 




15 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

(T A - 0°C to 70°C, Tcase (Plastic) = 0°C to 80°C, Tcase (PLCC) = 

(Vcc = 5V ± 1 0% for 80C86AL, V C c = 5V ± 5% for 80C86AL-2) 

Timing Responses 



0°Cto85 o C) 



Symbol 


Parameter 


80C86AL 


80C86AL-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float 
Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




50 


ns 


TCHLL 


ALE Inactive Delay 




85 




55 


ns 


TLLAX 


Address Hold Time 
to ALE Inactive 


TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-30 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


110 


10 


70 


ns 


TCHCTV 


Control Active 
Delay 2 


10 


110 


10 


60 


ns 


TCVCTX 


Control Inactive 
Delay 


10 


110 


10 


70 


ns 


TAZRL 


Address Float to 
READ Active 












ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




ns 


TAVAL 


Address Valid to 
ALE Low 


TCLCH-60 




TCLCH-40 




ns 


TOLOH 


Output Rise Time 
(Note 4) 




15 




15 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 
(Note 4) 




15 




15 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 

4. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 
v, H + 0.4V — 



V|L - 0.4V 

240074-26 
A.C. Testing inputs are driven at Vm + 0.4V for a logic "1" and 
V||_ - 0.4V for a logic "0". The clock is driven at Vqh + 0.4V and 
Vql - 0.4V. Timing measurements are made at 1.5V. 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



r 



C|_ Includes Jig Capacitance 



WAVEFORMS 

MINIMUM MODE 



Ti 
- TCLCL- 






V C H 

VCL 



M/fO 



6HE/S7, Ai9/Se-Aia/S3 



ROY (S?CMA Input) 

SEE NOTE 4 



READY (6086 Input) 



READ CYCLE 
(NOTE 1) 

(WrYRJTa-Voh) 



ADis-ADq 



X. 



/ 



TCLAX- 



T 3 T W 
— TCL2CL1 / 



CH1CH2-J U- — ■) k- TCL2CI 



SHE,Ai»-A ie 



TAVAL 
TCHLL—I 



\ 



TAVAL 
TLLAX-* 



)GE 



X 



v, L — *-/> 



r^^j r A 



s/-s 3 



1: 

h-TC 



■•-TCHCTV TCLRL 



\ 




r 



\ 




x 



x 



r" 
t 
_y 



c 



240074-13 
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WAVEFORMS (Continued) 
MINIMUM MOPE (Continued) 



CUC (MCMA Output) 



) T, | T 2 T 3 T W T 4 

p TdCl * TCH1CH2-*! U- -J L- TCL2CL1 / 

Vet 



M/iS 



Iffl&Sr, Ai9««-Aie/83 



WRITE CYCLE 
(NOTE 

(RT5JRTX, 

DT/ft.VoH) 



INTA CYCLE 
(NOTES 1 ft 3) 
EB.WTUVqh 



SOFTWARE HALT- 
RD,WR,INTA = VoH 
DT/R - INDETERMINATE 



>c 



SHE, Ai»-Ai< 




X 



5=T 



£ 



INVALID ADDRESS 



SOFTWARE HALT 



240074-14 



NOTES: 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, T w to determine if Tw machines states are to be inserted. 

3. Two INf A cycles run back-to-back. The 80C86AL local ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


80C86AL 


80C86AL-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


D.C. 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 


; 


TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time into 82C84A 
(Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time into 82C84A 
(Notes 1,2) 












ns 


TRYHCH 


READY Setup Time into 80C86AL 


118 




68 




ns 


TCHRYX 


READY Hold Time into 80C86AL 


30 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 4) 


~8 




-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) 
(Note 2) 


30 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




ns 


TCHGX 


RQ Hold Time into 80C86AL 


40 




30 




ns 


TILIH 


Input Rise Time 
(Except CLK) (Note 5) 




15 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) (Note 5) 




15 




15 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING R 


ESPONSES 














Symbol 


Parameter 


80C86AL 


80C86AL-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLML 


Command Active 
Delay (Note 1) 


5 


45 


5 


35 


ns 




TCLMH 


Command Inactive 
Delay (Note 1) 


5 


45 


5 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (Note 3) 




110 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High (Note 1) 




35 




20 


ns 


TSVMCH 


Status Valid to 
MCE High (Note 1) 




35 




30 


ns 


TCLLH 


CLK Low to ALE Valid (Note 1) 




35 




20 


ns 


TCLMCH 


CLK Low to MCE High (Note 1) 




35 




25 


ns 


TCHLL 


ALE Inactive Delay (Note 1 ) 


4 


35 


4 


25 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


eo 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TCVNV 


Control Active Delay (Note 1) 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay (Note 1) 


5 


45 


10 


45 


ns 


TAZRL 


Address Float to Read Active 












ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to 
Next Address Active 


TCLCL-45 




TCLCL-40 




ns 


TCHDTL 


Direction Control 
Active Delay (Note 1) 




50 




50 


ns 


TCHDTH 


Direction Control 

I nactive Delay (Note 1 ) 




35 




30 


ns 


TCLGL 


GT Active Delay 





85 





50 


ns 


TCLGH 


GT Inactive Delay 





85 





50 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




15 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




15 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 

5. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 
V|H + .4V 



240074-11 
A.C. Testing inputs are driven at V|h + 0.4V for a logic "1" and 
V| L - 0.4V for a logic "0". The clock is driven at Vqh + 0.4V and 
Vql ~ 0.4V. Timing measurements are made at 1.5V. 



r 



Cl includes Jig Capacitance 



240074-12 



WAVEFORMS 

MAXIMUM MODE 



TCH1CH2— 4 I*- -*\ U-TCL2CL1 Tw 



SS,5?.5» (EXCEPT HALT) 



ALKOCM OUTPUT) 



ROY (MCM INPUT) 



READY (80C86AL INPUT) 



OT/R 

flRlftORiSffC 
OEN 



TSVLH-* 
TCLLH* 



f 



± 






< 



X 



1\ 



X 



vim 



•-TCICH-* 



T 




A 



TRYHCH — 
-TOVCL- 




A. 



NOTE 7) 
TCHDX-* 



x: 



± 




c 



240074-15 
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WAVEFORMS (Continued) 
MAXIMUM MODE (Continued) 



CLK 



VCH, 



VCL- 



S 2 ,S„S (EXCEPT HALT) 
WRITE CYCLE TCLAV* 




82C88 OUTPUTS 
NOTES 5,6 



INTA CYCLE 



AD 15 -AD 
DEN 



AMWC OR AIOWC 
MWTCORiOWC 



T, 



AD 15 -APo FLOAT 

NOTES 3,4 '" — ! 



AO t5 -AD 



TSVMCH — 



82C88 OUTPUTS 
NOTES 5,6 



MCE/ — 
PDENT CLMCH h. 

PT/R "*"" ' 



INTA 



DEN 



SOFTWARE HALT - 



(DEN a- Vo^RDiMRDCJORC.MWTC.AMWC, 
IOWC,AiOWC,iNTA, . V OH ) ADis . A ~ 



tCLAV " 



X AP 15 -AP > T 



TCVNV-* 



— f-TCLML 




TCLDV 



RESERVED FOR 
CASCADE ADDR 



FLOAT 



-TDVCL-* 




DATA 



TCLMH - 



H-TCLML 



(NOTE 7) \ 



f 



W- TCHDX 

3--C 



k-TCVNX 



X 



TCLMH 



FLOAT 
- TCLDX 



POINTER 



TCVNX- 



FLOAT 



K TCHDTH 



/TCLMH 



£ 



INVALID ADDRESS 



s 2 .M 



f 



\ 



240074-16 



NOTES: 

1. All timing measurements are made at 1.5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, T w to determine if Tyy machines states are to be inserted. 

3. Cascade address is valid between first and second INTA.cycle. 

4. Two INTA cycles run back-to-back. The 80C86AL local ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82G88 are shown for reference only. _____ 

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN. 

7. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 




-TINVCH(«MM>t«) 



240074-17 

NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MOPE ONLY) 



ANY CLK CYCLE ANY CLK CYCLE 
V —J |— -A K- TCLAV 



RESET TIMING 








h 










CLK 
RESET 


"^ i 


CYCLES 

240074-19 


TCLDX-H* 
TPVCL-H 

>«CLK 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MOPE ONLY) 



ANY CLK 
CYCLE 



RO/GT 




AD 1$ AD 

A^S.-A^/Sa 

SO, LOCK 
BHE/S 7 



COPROCESSOR 
RELEASE 



v/— « *• 
A. , H 



COPROCESSOR 



(SEE NOTE) 



>-e 



80C86AL 



240074-20 



NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



> 1 CLK CYCLE 



1 OR 2 CYCLES 



— 1 U-THVCH —I *-THVCH 



•-> 



AD 15 -AO , 

A 1g /S e -A 16 /S 3 , *" 

BHE/S^/IO, *. 
OT/R. WPt, DEN 



1 



— H-TCLHAV 



F 



\ 



V I 



COPROCESSOR 



/-S" 



240074-21 



Table 2. Instruction Set Summary 



Mnemonic and 
Description 


Instruction Code 


DATA TRANSFER 
MOV = Move: 

Register/Memory to/from Register** 
Immediate to Register/Memory 
Immediate to Register ; 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register** 
Segment Register to Register/Memory 

PUSH - Push: 
Register/Memory 
Register 
Segment Register 

POP = Pop: 

Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 

Register/Memory with Register 
Register with Accumulator 
IN = Input from: 
Fixed Port 
Variable Port 

OUT s* Output to: 

Fixed Port 
Variable Port 

XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF= Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


76543210 


7 6 5 4 3 210 


76543210 


7 6 5 4 3 2 10 


100010dw 


mod reg r/m | 






1 10001 1w 


mod r/m , , \ 


data 


data if w = 1 | 










101 1 w reg 


data | 


dataifw=l 








1 1 w 


addr-low | 


addr-high 








1010001W 


addr-low | 


addr-high 








10001 110 


mod reg r/m | 






10001 100 


mod reg r/m | 






11111111 


mod 11 Or/m | 






1 1 reg 




reg 1 10 




10 001 111 


modOOOr/m | 






01 01.1 reg 




reg 1 1 1 




100001 1 w 


mod reg r/m :! 






1 1 reg 




1 1 10010w 


port | 


1 1 1 0-1 10 w 






1 1 1001 1 w 


port | 


1 1 101 1 1w 




11010111 


10001 101 


mod reg r/m 


1 1000101 


mod reg r/m 


11000100 


, mod reg r/m 


1001 1111 




1001 1110 


1001 1 100 


1001 1 101 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 



Instruction Code 



ARITHMETIC 
ADD = Add: 

Reg./Memory with Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg./Memory with Register to Either 

Immediate to Register/ Memory 

Immediate to Accumulator 

INC = Increment: 

Register/Memory 
Register 

AAA = ASCII Adjust for Add 
DAA = Decimal Adjust for Add 
SUB = Subtract: 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 
SBB = Subtract with Borrow 
Reg./Memory and Register to Either 
Immediate from Register/ Memory 
Immediate from Accumulator 

DEC = Decrement: 

Register/Memory 

Register 

NEG = Change Sign 

CMP = Compare: 

Register/Memory and Register 

Immediate with Register/Memory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

1DIV = Integer Divide (Signed) 

AAD - ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 



76543210 



76543210 



76543210 



76543210 



| OOOOOOdw 


mod reg r/m | 








| 100000sw 


mod r/m | 


data 


| data if s w = 


01 | 


| 0000010W 


data | 


data if w = 1 


1 












| 001 OOdw 


mod reg r/m | 




| 100000sw 


mod 1 r/m | 


data 


| data if s w = 


01 | 


| 0001010W 


data | 


data if w = 1 


1 












| 1 1 1 1 1 1 1 w 


mod r/m | 




f 1 reg 






| 001 10111 




| 001001 1 1 








| 1 1 d w 


mod reg r/m | 




I 1 OOOOOsw 


mod 1 1 r/m | 


data 


| data if s w = 


01 | 


| 0010110W 


data I 


data if w = 1 


1 












| 000110dw 


mod reg r/m | 




I 100000sw 


mod 01 1 r/m | 


data 


| data if s w = 


01 | 


| 0001110* 


data | 


data if w = 1 


1 












| 1 1 1 1 1 1 1 w 


mod 1 r/m | 




| 1 1 reg 






| 1 1 1 101 1 w 


mod 1 1 r/m | 










| oomodw 


mod reg r/m | 




| 100000sw 


mod 111 r/m | 


data 


1 data if s w = 


01 I 


| 001 mow 


data I 


data if w = 1 


1 




| 0111111 








| 00101 1 1 1 




| 1 1 1 101 1 w 


mod 10 r/m | 




| 1 1 1 101 1 w 


mod 1 1 r/m 




| 1 1010100 


00001010 




| 1 1 1 i 1 1 w 


mod 110 r/m 




| 1 1 1 1 1 1 w 


mod 1 1 1 r/m 




| 11010101 


01010 




| 10011000 






| 1001 1001 
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Table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 

immediate to Register/Memory 

Immediate to Accumulator 

TEST = And Function to Flags, No Result: 

Register/Memory and Register 

Immediate Data and Register/Memory 

immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
XOR = Exclusive OR: 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/ Word 
LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 
Direct Within Segment 
Indirect Within Segment 
Direct intersegment 

Indirect Intersegment 


76543210 


76 543210 


76543210 


76 543210 


1 1 1 1 01 1 w 


mod 010 r/m 


110100vw 


modi r/m 


110100vw 


mod 1 1 r/m 


110100vw 


mod 1 1 1 r/m 


1 10100vw 


mod r/m 


11010QVW 


mod 1 r/m 


1 10100V w 


mod 1 r/m 


1 10100vw 


mod 1 1 r/m 






001000dw 


mod reg r/m 


1000000W 


modi 00 r/m 


data 


dataifw= 1 . ; | 


1 1 w 


data 


data if w = 1 


< ^ 








1000010W 


mod reg r/m 


111101 1 w 


mod 00 r/m 


data 


• data if w = 1 | 


1010100W 


data 


data if w = 1 


. ...... . 








000010dw 


mod reg r/m 


1000000W 


mod 01 r/m 


data 


data if w = 1 | 


00001 low 


data 


data if w = 1 










001 100dw 


mod reg r/m 






1 w 


mod 1 1 r/m 


data 


data if w= 1 | 








I-. , ... • ,. 


001 1010w 


data 


data if w = 1 








1 1 1.1.001Z 




1010010W 




1 1 1 1 w 




10101 1 1 w 




10101 10w 




1 1 1 1 w 




1 1 101000 


disp-lOw 


disp-high 


11111111 


mod010r/m 








10011010 


offset-low 


offset-high 








seg-low 


seg-high 






; 11H1111 


mod 1 1 r/m 







2-86 



inter 



80C86AL 



table 2. Instruction Set Summary (Continued) 



Mnemonic and 
Description 



Instruction Code 



CONTROL TRANSFER (Continued) 
JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL- 

Within Segment 

Within Seg. Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 

or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/ Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 



76543210 


76543210 


76543210 


[ 1 1 101001 


disp-low 


disp-high | 








| 11101011 


disp 










I 11111111 


mod 1 r/m \ 










| 11101010 


offset-low 


offset-high | 








seg-low 


seg-high | 








I 11111111 


mod 1 1 r/m 










| 1 1 00001 1 








| 11000010 


data-low 


data-high 








| 1 100101 1 








| 11001010 


data-low 


data-high | 








| 01110100 


disp | 




| 01 1 1 1 100 


disp 










| 01111110 


disp I 










| 01110 010 


disp I 










| 01110110 


disp | 










| 01111010 


disp | 










| 01110000 


disp I 










| 01 i 1 1000 


disp | 










| 01110101 


disp I 










| 01111101 


disp I 










| 01111111 


disp I 










| 01 1 1001 1 


disp I 










| 01110111 


disp I 










| 01111011 


disp | 










| 01110001 


disp | 










| 01111001 


disp I 




[ 11100010 


disp I 










| 1 1 100001 


disp 










| 11100000 


disp I 










| 1 1 10001 1 


disp I 










| 11001101 


type | 










| 1 1001 100 








| 1 1 001 1 10 








| 11 001 1 1 1 
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Table 2. Instruction Set Summary (Continued) 


Mnemonic and 
Description 


Instruction Code 


PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 


76543210 


76543210 


11111 




111 10101 




1111 1001 




1111 1 too 




11111101 


11111010 


11111011 


1 1 1 10100 




10 0110 11 




1 101 1xxx 


modxxxr/m | 






1 1 1 10000 



NOTES: 

AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
DS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 

Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = then "from" reg 
if w = 1 then word instruction; if w = then byte instruc- 
tion 
if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are 

absent 
if mod = 01 then DISP = disp-low sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) +' DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m = 110 then EA = disp-high: 
disp-low. 
**MOV CS, REG/MEMORY not allowed. 



if s w = 01 then 16 bits of immediate data form the oper- 
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if v = then "count" = 1; if v = 1 then "count" in (CL) 



x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 



001 regl 1 






REG is assigned according to the following table: 


16-Bit(w=1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 1 6-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics © Intel, 1978 



DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -001 data sheet. Please review this summa- 
ry carefully. 

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected. 
HLDA will be issued in the middle of either the T4 or Tj state. 
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8-BIT HMOS MICROPROCESSOR 

8088/8088-2 



8-Bit Data Bus Interface 

16-Bit Internal Architecture 

Direct Addressing Capability to 1 Mbyte 
of Memory 

Direct Software Compatibility with 8086 
CPU 

14-Word by 16-Bit Register Set with 
Symmetrical Operations 

24 Operand Addressing Modes 



■ Byte, Word, and Block Operations 

■ 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic In Binary or Decimal, 
Including Multiply and Divide 

■ Two Clock Rates: 

— 5 MHz for 8088 

— 8 MHz for 8088-2 

■ Available in EXPRESS 

— Standard Temperature Range 

— Extended Temperature Range 



The Intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate 
technology (HMOS), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and peripherals. 
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Figure 1. 8088 CPU Functional Block Diagram 
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A16/S3 

A17/S4 
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SS0 

MN/MlC 

RD 
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Figure 2. 8088 Pin Configuration 
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A14 


c 
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39 


3 


A13 


c 


3 


38 


3 


A12 


c 


4 


37 


3 


A11 


c 


5 


36 


3 


A10 


c 


6 


35 


3 


A9 


c 


7 


34 


3 


A8 


c 


8 


33 


3 


AD7 
AD6 




9 32 

,« sow ** 

10 cpu 31 


3 

3 


ADS 


c 


11 


30 


3 


AD4 


c 


12 


29 


3 


AD3 


c 


13 


28 


3 


AD2 


c 


14 


27 


3 


AD1 


E 


15 


26 


3 


ADO 


c 


16 


25 


3 


NMI 


c 


17 


24 


3 


INTR 


c 


18 


23 


3 


CLK 


c 


19 


22 


3 


GND 


c 


20 


21 


3 



(HIGH) 



(B07GTO") 

(R07GT1) 

(LUCK) 

<S2> 

(SI) 

<S0) 

(QS0) 

(QS1) 
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Table 1. Pin Description 

The following pin function descriptions are for 8088 systems >in r either minimum or maximum mode. The "local 
bus" in these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to 
additional bus buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD7-AD0 


9-16 


I/O... 


ADDRESS DATA BUS: These lines constitute the time multiplexed 
memory/ 10 address (T1) and data (T2, T3, Tw; T4) bust These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and 
local bus "hold acknowledge". 


A15-A8 


2-8, 39 





ADDRESS BUS: These lines provide address bits 8 through 1 5 for the 
entire bus cycle (T1 -T4). These lines do not have to be latched by ALE 
to remain valid. A1 5-A8 are active HIGH and float to 3-state OFF 
during interrupt acknowledge and local bus "hold acknowledge". 


A19/S6,A18/S5, 
A17/S4,A16/S3 


35-38 


o 


ADDRESS/STATUS: During T1 , these are the four most significant 
address lines for memory operations. During I/O operations, these lines 
are LOW. During memory and I/O operations, status information is 
available on these lines during T2, T3, Tw, and T4. S6 is always low. 
The status of the interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are encoded as shown. 
This information indicates which segment register is presently being 
used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge". 


S4 


S3 


Characteristics 


0<LOW) 



1 (HIGH) 

1 

S6isO(LOW) 



1 


1 


Alternate Data 

Stack 

Code or None 

Data 


RD 


32 





READ: Read strobe indicates that the processor is performinga 
memory or I/O read cycle, depending on the state of the IO/M pin or 
S2. This signal is used to read devices which reside on the 8088 local 
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 8088 local bus has floated. 
This signal floats to 3-state OFF in "hold acknowledge". 


READY 


22 


1 


READY: is the acknowledgement from the addressed memory or I/O 
device that it will complete the data transfer. The RDY signal from 
memory or I/O is synchronized by the 8284 clock generator to form 
READY. This signal is active HIGH. The 8088 READY input is not 
synchronized. Correct operation is hot guaranteed if the Set tip and hold 
times are not met. 


INTR 


18 


1 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter Into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located in 
system memory; It can fee internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is active 
HIGH. 


TEST 


23 


• '''I"-. 


TEST: input is examined by the "wait for test" instruction. If the TEST 
input is LOW, execution continues, otherwise the processor waits in an 
"idle" state. This input fef syhclirbnized internally during each clock 
cycle on the leading edge of CLK. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


NMI 


17 


I 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a 
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup 
table located in system memory. NMI is not maskable internally by 
software. A transition from a LOW to HIGH initiates the interrupt at the end 
of the current instruction. This input is internally synchronized. 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present activity. 
The signal must be active HIGH for at least four clock cycles. It restarts 
execution, as described in the instruction set description, when RESET 
returns LOW. RESET is internally synchronized. 


CLK 


19 


I 


CLOCK: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




Vctf is the + 5V ± 1 0% power supply pin. 


GND 


1,20 




GND: are the ground pins. 


MN/MX 


33 


I 


MINIMUM/MAXIMUM: indicates what mode the processor is to operate in. 
The two modes are discussed in the following sections. 



The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vcc)- Only the pin 
functions which are unique to minimum mode are described; all other pin functions are as described above. 



Symbol 


Pin No. 


Type 


Name and Function 


IO/M 


28 





STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. IO/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (I/O = HIGH, M = 
LOW). IO/M floats to 3-state OFF in local bus "hold acknowledge". 


WR 


29 





WRITE: strobe indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the IO/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus 
"hold acknowledge". 


inta 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


ALE 


25 





ADDRESS LATCH ENABLE: is provided by the processor to latch the address 
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus 
cycle. Note that ALE is never floated. 


DT/R 


27 





DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use 
a data bus transceiver. It isjjsed to control the direction of data flow through the 
transceiver. Logically, DT/R is equivalent to S1 in the maximum mode, and its 
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to 
3-state OFF in local "hold acknowledge". 


DEN 


26 





DATA ENABLE: is provided as an output enable for the data bus transceiver in a 
minimum system which uses the transceiver. DEN is active LOW during each 
memory and I/O access, and for INTA cycles. For a read or INTA cycle, it is 
active from the middle of T2 until the middle of T4, while for a write cycle, it is 
active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF 
during local bus "hold acknowledge". 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


HOLD, 
HLDA 


31,30 


1, 


HOLD: indicates that another master is requesting a local bus "hold". To be 
acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or 
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle* it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be provided if 
the system cahnot otherwise guarantee the set up time. 


SSO 


34 





STATUS LINE: is logically_equivalent to §5 in the maximum mode. The 
combination of SSO, IO/M and DT/R allows the system to completely decode the 
current bus cycle status. 


IO/M 


DT/R 


SSO 


Characteristics 


1(HIGH) 

1 

1 

1 

0(LOW) 










1 
1 



1 




1 



1 



1 




Interrupt Acknowledge 
Read I/O Port 
Write I/O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive? 



The following pin function descriptions are for the 8088/8288 system in maximum mode (i.e., MN/MX = 
GND). Only the pin functions which are unique to maximum mdde are described; all other pin functions are as 
described above. 



Symbol 


Pin No. 


Type 


Name and Function 


S2,ST,S0 


26-28 





STATUS: is active during clock high of T4, T1 , and 1 2, and is returned to the 
passive state (1 ,1 ,1) during T3 or during Tw when READY is HIGH. This status is 
used by the 8288 bus controller to generate all memory and I/O access control 
signals. Any change by S2, St, or SO during T4 is used to indicate the beginning 














of a bus cycle, and the return to the passive state in T3 and Tw is used to 








indicate the end of a bus cycle. 








These signals float to 3-state OFF during "hold acknowledge". During the first 








clock cycle after RESET becomes active, these signals are active HIGH. After 








this first clock, they float to 3-state OFF. 


§2 


S1 


so 


Characteristics 


0(LOW) 








Interrupt Acknowledge 














1 


Read I/O Port 








'o . "'.,: 


1 





Write I/O Port 











t , . 


-. • 1 


Halt 








1(HIGH) 








Code Access 








1 





1 


Read Memory 








1 


. , -1 • .... 





Write Memory 








1 


1 


. i 


Passive 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


RQ/5T5, 
RQ/STT 


30,31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to force the 
processor to release the local bus at the end of the processor's current bus 
cycle. Each pin is bidirectional with RQ/GTO having higher priority than RC5/ 
GT1 . RQ/5T has an internal pull-up resistor, so may be left unconnected. 
The request/grant sequence is as follows (See Figure 8): 

1 . A pulse of one CLK wide from another local bus master indicates a local 
bus request ("hold") to the 8088 (pulse 1 ). 

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local 
bus to float and that it will enter the "hold acknowledge" state at the next 
CLK. The CPU's bus interface unit is disconnected logically from the local 
bus during "hold acknowledge". The same rules as for HOLD/HOLDA apply 
as for when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 
(pulse 3) that the "hold" request is about to end and that the 8088 can 
reclaim the local bus at the next CLK. The CPU then enters T4. 

Each master-master exchange of the local bus is a sequence of three 
pulses. There must be one idle CLK cycle after each bus exchange. Pulses 
are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will 
release the local bus during T4 of the cycle when all the following conditions 
are met: 

1 . Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 
follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 


LOCK 


29 





LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by 
the "LOCK" prefix instruction and remains active until the completion of the 
next instruction. This signal is active LOW, and floats to 3-state off in "hold 
acknowledge". 


QS1.QS0 


24,25 





QUEUE STATUS: provide status to allow external tracking of the internal 
8088 instruction queue. 

The queue status is valid during the CLK cycle after which the queue 
operation is performed. 


QS1 


QS0 


Characteristics 


0(LOW) 



1(HIGH) 

1 



1 


1 


No Operation 

First Byte of Opcode from Queue 
Empty the Queue 
Subsequent Byte from Queue 


— 


34 





Pin 34 is always high in the maximum mode. 



2-93 



inteT 



8088 



"a 



FFFFFH 



64 KB 



SEGMENT 
REGISTER FILE 



CS 



SS 



OS 



ES 



OFFSET 



WORD 



CODE SEGMENT 
•± XXXXO'H 



MSB 



LSB 



BYTE 



\ STACK SEGMENT 



^DATA SEGMENT 



} EXTRA DATA SEGMENT 



Figure 3. Memory Organization 



FUNCTIONAL DESCRIPTION 



Memory Organization 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries 
(See Figure 3). 

All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 



dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-blt operands. 



Memory 
Reference Used 


Segment 
Register Used 


Segment Selection Rule 


Instructions 


CODE(CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references 
relative to BP base register except data references. 


Local Data 


DATA (DSj 


Data references when: relative to stack, destination 
of string operation, or explicity overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected 
using a segment override. 
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Certain locations in memory are reserved for specific 
CPU operations (See Figure 4). Locations from ad- 
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system ini- 
tialization routine. Following RESET, the CPU will al- 
ways begin execution at location FFFFOH where the 
jump must be located. Locations 00000H through 
003FFH are reserved for interrupt operations. Four- 
byte pointers consisting of a 16-bit segment address 
and a 16-bit offset address direct program flow to 
one of the 256 possible interrupt service routines. 
The pointer elements are assumed to have been 
stored at their respective places in reserved memory 
prior to the occurrence of interrupts. 



Minimum and Maximum Modes 

The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 8088 is equipped with 
a strap pin (MN/MX) which defines the system con- 
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• 
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FOR TYPE 


OH 
231456-4 









figuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 8088 defines pins 24 through 31 and 34 in maxi- 
mum mode. When the MN/MX pin is strapped to 
Vcc» the 8088 generates bus control signals itself on 
pins 24 through 31 and 34. 

The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS-85™ 
multiplexed bus peripherals. This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 8088 
processing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64 K 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus bu fferin g is required 
(See Figure 6). The 8088 provides DEN and DT/R to 
control the transceiver, and ALE to latch the ad- 
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re- 
quirements. 

The maximum mode employs the 8288 bus control- 
ler (See Figure 7). The 8288 decodes status lines 
SO, S1 , and S2, and provides the system with all bus 
control signals. Moving the bus control to the 8288 
provides better source and sink current capability to 
the control lines, and frees the 8088 pins for extend- 
ed large system features. Hardware lock, queue 
status, and two request/grant interfaces are provid- 
ed by the 8088 in maximum mode. These features 
allow co-processors in local bus and remote bus 
configurations. 



Figure 4. Reserved Memory Locations 
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Figure 5. Multiplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 8088 address/data bus is broken into three 
parts— the lower eight address/data bits (ADO- 
AD?), the middle eight address bits (A8-A15), and 
the upper four address bits (A16-A19). The ad- 
dress/data bits and the highest four address bits are 
time multiplexed. This technique provides the most 
efficient use of pins on the processor, permitting the 
use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e. they remain val- 



id throughout each bus cycle. In addition, the bus 
can be demultiplexed at the processor with a single 
address latch if a standard, non-multiplexed bus is 
desired for the system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T1 , T2, T3, and 
T4 (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
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Figure 8. Basic System Timing 
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ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 8088 driven bus cycles. These 
are referred to as "idle" states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 

Status bits SO, ST, and S2 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 











S2 


S1 


so 


Characteristics 


0(LOW) 








Interrupt Acknowledge 








. 1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1(HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (No Bus Cycle) 



Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 



s 4 


S 3 


Characteristics 


0(LOW) 


1(HIGH) 
1 




1 



1 


Alternate Data (Extra Segment) 

Stack 

Code or None 

Data 



which use register DX as a pointer, have full address 
capability, while the direct I/O instructions directly 
address one or two of the 256 I/O byte locations in 
page of the I/O address space. I/O ports are ad- 
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 8088 uses a full 16-bit address 
on its lower 16 address lines. 



EXTERNAL INTERFACE 



Processor Reset and Initialization 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8088 
RESET is required to be HIGH for greater than four 
clock cycles. The 8088 will terminate operations on 
the high-going edge of RESET and will remain dor- 
mant as long as RESET is HIQH. The low-going 
transition of RESET triggers an internal reset se- 
quence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with 
the instruction in absolute locations FFFF0H (See 
Figure 4). The RESET input is internally synchroniz- 
ed to the processor clock. At initialization, the HIGH 
to LOW transition of RESET must occur no sooner 
than 50 juls after power up, to allow complete initiali- 
zation of the 8088. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HLDA are driven low. 



S5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to 0. 



I/O Addressing 

In the 8088, I/O operations can address up to a 
maximum of 64K I/O registers. The I/O address ap- 
pears in the same format as the memory address on 
bus lines A15-A0. The address lines A19-A16 are 
zero in I/O operations. The variable I/O instructions, 



Interrupt Operations 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 



2-99 



inter 



8088 



Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "typei" An interrupting de- 
vice supplies an 8-bit type number* during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location, 



Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Arty higher going 
transition of NMI is latched on-chip arid will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is ho specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 



enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (See Figure' 9), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 8088 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle Until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system 
(e.g., 8259A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 



HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem tojatch the halt status . Halt status is available' 
on IO/M, DT/R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, 
S1, and SO, and the 8288 bus controller issues one 
ALE. The 8088 will not leave the HALT state when a 
local bus hold is entered while in HALT. In this case, 
the processor reissues the HALT indicator at the 
end of the local bus hold. An interrupt request or 
RESET will force the 8088 out of the HALT state. 



Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK To be responded to, 
INTR must be present (HIGH) during the clock peri- 
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter- 
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis- 
ter which is automatically pushed onto the stack re- 
flects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored, the 



Read/Modify/Write (Semaphore) 
Operations via LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read /modify /write opera- 
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles, this is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations, The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycl e of the instruc T 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 
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Figure 9. Interrupt Acknowledge Sequence 



External Synchronization via TEST 

As an alternative to interrupts, th e 8088 provides a 
single software-testable input pin (TEST). This input 
is utilized by executing a WAIT instruction. The sin- 
gle W AIT instruction is repeatedly executed until the 
TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 

If a local bus request occurs during WAIT execution, 
the 8088 3-states all output drivers. If interrupts are 
enabled, the 8088 will recognize interrupts and pro- 
cess them. The WAIT instruction is then ref etched, 
and reexecuted. 



Basic System Timing 

In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible wit h the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. 



System Timing— Minimum System 

(See Figure 8) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 



going) edge of this signal is used to latch the ad- 
dress information/which is valid on the address/ 
data bus (AD0-AD7) at this time, into the 
8282/8283 latch. Address lines A8 through A1 5 do 
not need to be latched because they remain valjd 
throughout the bus cycle. From T1 to T4 the IO/M 
signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus 
and the bus goes to a high impedance state. The 
read control signal is also asserted at T2. The read 
(RD) signal causes the addressed device to enable 
its data bus drivers to the local bus. Some time later, 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver js req uired to buffer 
the 8088 local bus, signals DT/R and DEN are pro- 
vided by the 8088. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The IO/M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is fl oated. 
(See Figure 9) In the second of two successive INTA 
cycles, a byte of information is read from the data 
bus, as supplied by the interrupt system logic (i.e. 
8259A priority interrupt controller). This byte identi- 
fies the source (type) of the interrupt. It is multiplied 
by four and used as a pointer into the interrupt vec- 
tor lookup table, as described earlier. 



Bus Timing— Medium Complexity 
Systems 

(See Figure 10) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 8288 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than t he 8088 iscapabie of han- 
dling. Signals ALE, DEN, and DT/R are generated 
by the 8288 instead of the processor in this configu- 
ration, although their timing remains relatively the 
same. The 8088 status outputs (S2, S1 , and 56) pro- 
vide type of cycle information and become 8288 in- 
puts, This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt ac- 
knowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, I/O 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad- 
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the 
leading edge of write. The transceiver receives the 
usua l T and OE inputs from the 8288's DT/R and 
DEN outputs. 

The pointer into the interru pt vec tor table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8289A priority interrupt 
controller is positioned on the local bus, a TTL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowlr 
edge sequence and software "poll". 



The 8088 Compared to the 8086 

The 8088 GPU is an 8-bit processor designed 
around the 8086 internal structure. Most internal 
functions of the 8088 are identical to the equivalent 
8086 functions. The 8088 handles the external bus 



the same way the 8086 does with the distinction of 
handling only 8 bits at a time. Sixteen-bit operands 
are fetched or written in two consecutive bus cycles. 
Both processors will appear identical to the software 
engineer, with the exception of execution time. The 
internal register structure is identical and all instruc- 
tions have the same end result. The differences be- 
tween the 8088 and 8086 are outlined below. The 
engineer who is unfamiliar with the 8086 is referred 
to the iAPX 86, 88 User's Manual, Chapters 2 and 4, 
for function description and instruction set informa- 
tion. Internally, there are three differences between 
the 8088 and the 8086. All changes are related to 
the 8-bit bus interface. 

• The queue length is 4 bytes in the 8088, whereas 
the 8086 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of 
the bus by the BlU when prefetching instructions. 
This was required, because of the additional time 
necessary to fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching al- 
gorithm was changed. The 8088 BlU will fetch a 

,. new instruction to load into the, queue each time 
there is a 1 byte hole (space available) in the 
queue. The 8086 waits until a 2-byte space is 
available. r 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. AH 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 8088 are being used, the queue has time to 
fill and the execution proceeds as fast as the exe- 
cution unit will allow. 

The 8088 and 8086 are completely software com- 
patible by virtue of their identical execution units. 
Software that is system dependent may not be com- 
pletely transferable, but software that is not system 
dependent will operate equally as well on an 8088 
and an 8086. 

The hardware interface of the 8088 contains the ma- 
jor differences between the two CPUs. The pin as- 
signments are nearly identical, however, with the fol- 
lowing functional changes; 

• A8-A1&— These pins are only address Outputs 
on the 8088. These address lines are latched in- 
ternally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines.- ' ■; ■ ■•-.'■■*■• r "' ■••>•■■.'■■'- -r^ " 

• BHE has no meaning on the 8088 and has been 
eliminated. 
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• §SO provides the SO status information in the 
minimum mode. This output occurs on pin 3 4 in 
minimum mode only. DT/R, IO/M, and SSO pro- 
vide the complete bus status in minimum mode. 



• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the mini- 
mum mode when entering HALT, to allow the 
status to be latched with ALE. 
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Figure 10. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias , , . . 0°C to + 70°C 

Case Temperature (Plastic) . 0°C to +95°C 

Case Temperature (GERDIP) ....... 0°C to + 75°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground -1.0 to + 7V 

Power Dissipation 2.5 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

(T A = 0°C to 70°C, Tcase (Plastic) = 0°C to 95°C, T C ase (CERDIP) = 0°C to 75°C, 

T A = 0°C to 55°C and Tcase = 0°C to 75°C for P8088-2 only 

Ta is guaranteed as long as Tcase is -not exceeded) 

(V C c = 5V ±10% for 8088, V C c =* 5V ±5% for 8088-2 and Extended Temperature EXPRESS) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


v 


(Notel) 


V| H 


Input High Voltage 


2.0 


Vqc + 0.5 


V 


(Notes 1,2) 


Vol 


Output Low Voltage 




0.45 


v 


Iql = 2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400jnA 


'cc 


8088 
Power Supply Current: 8088-2 
P8088 




340 
350 
250 


mA 


T A = 25°C 


«Li 


Input Leakage Current 




±10 


juA 


0V <, V, N ^ V CC 


Ilo 


Output and I/O Leakage Current 




±10 


ju,A 


0.45V £ Vqut ^ V C c 


VCL , 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


Vcc + 1-0 


V 




C|N 


Capacitance If Input Buffer 
(All Input Except 
AD -AD 7 , RQ/GT) 




15 


pF 


fc= 1 MHz 


ClO 


Capacitance of I/O Buffer 
AD0-AD7, RQ/GT) 




15 


PF 


fc = 1 MHz 



NOTES: 

1 . V| L tested with MN/MX Pin = 0V 
V| H tested with MN/MX Pin = 5V 
MN/MX Pin is a strap Pin 

2. Not applicable to RQ/GT0 and RQ/GT1 Pins (Pin 30 and 31) 
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A.C. CHARACTERISTICS 

(T A = 0°C to 70°C, Tcase (Plastic) = 0°C to 95°C, T C ASE (CERDIP) = 0°C to 75°C, 

T A = 0°C to 55°C and T C ASE = 0°C to 80°C for P8088-2 only 

Ta Is guaranteed as long as Tcase is n o* exceeded) 

(V C G = 5V ±10% for 8088, V C c = 5V ±5% for 8088-2 and Extended Temperature EXPRESS) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


8088 


8088-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL2 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time into 8284 
(Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time into 8284 
(Notes 1,2) 












ns 




TRYHCH 


READY Setup Time 
into 8088 


118 




68 




ns 




TCHRYX 


READY Hold Time 
into 8088 


30 




20 




ns 




TRYLCL 


READY Inactive to CLK 
(Note 3) 


-8 




-8 




ns 




THVCH 


HOLD Setup Time 


35 




20 




ns 




TINVCH 




30 




15 




ns 




INTR, NMI, TEST Setup Time 
(Note 2) 


TILIH 


Input Rise Time (Except CLK) 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 














Symbol 


Parameter 


8088 


8088-2 


Units 


Test 
Conditions 


Min 


Max 


Mir* 


Max 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




50 


ns 


TCHLL 


ALE Inactive Delay 




85 




55 


ns 


TLLAX 


Address Hold Time to 
ALE Inactive 


TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TWHDX 


Data Hold Time after WR 


TCLCH-30 




TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


10 


70 


ns 


TCHCTV 


ControJ Active Delay 2 


10 


110 


10 


60 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


10 


70 


ns 


TAZRL 


Address Float to READ 
Active 


Q 









ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




TCLCH-40 




ns 


TOLOH 


Output Rise Time 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284A shown for reference only. See 8284A data sheet for the most recent specifications. 

2. Set up requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



-1.5 *+ TEST POINTS *► 1.5^ 



231456-11 

A.C. Testing; Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 



A.C. TESTING LOAD C 


IRCUIT 












100 pF 

231456-12 




DEVICE 

UNDER 

TEST 








tance 




C|_ Includes Jig Capacil 



WAVEFORMS 

BUS TIMING—MINIMUM MODE SYSTEM 



CLK (8284 Output) 



RDY (8284 Input) 
SEE NOTE 5 



READY (8088 Input) 



READ CYCLE 

(NOTE 1) 

(WR,FNTA = Voh) 



Ti 
- TCLCL- 



V C H 



J 



\ 



TCHLL— - 

— TAVAL- 



T 3 T W 
— TCL2CL1 / 



CH1CH2-4 I— -J — TCL2CI 



Ais - As (Float during INTA) 



)C 






H. 



TCHCTV TCLRL 



\ 



/~v_*~\ 



S6-S3 




7" 






X 



J^ 



r — 
/ 




c 



231456-13 
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WAVEFORMS (Continued) 

BUS TIMING— MINIMUM MODE SYSTEM (Continued) 



CLK (8284 Output) 



WRITE CYCLE 

NOTE 1 



INTA CYCLE 

NOTES 1,3 

(RD.W?T=Voh> 



TCH1CH2*J J—' — j U- TCL2CL1 / 



SOFTWARE HALT - 
DlN.RD.WR.iNTA Voh 
DT/R INDETERMINATE 



AD; - ADq 




231456-14 



NOTES: 

1. All signals switch between Vqh and Vol unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, T w to determine if T w machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control 
signals are shown for the second INTA cycle. 

4. Signals at 8284 are shown for reference only. 

5. All timing measurements are made at 1,5V unless otherwise noted. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 



TIMING REQUIREMENTS 



Symbol 


Parameter 


8088 


8088-2 


Units 


Test 
Conditions 


Mln 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time into 8284 
(Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time into 8284 
(Notes 1,2) 












ns 


TRYHCH 


READY Setup Time into 8088 


118 




68 




ns 


TCHRYX 


READY Hold Time into 8088 


30 




20 




ns 


TRYLCL 


READY Inactive to CLK 
(Note4) 


-8 




-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) (Note 2) 


30 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




ns 


TCHGX 


RQ Hold Time into 8088 


40 




30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 














Symbol 


Parameter 


8088 


8088-2 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


TCLML 


Command Active Delay 
(Notel) 


10 


35 


10 


35 


ns 




TCLMH 


Command Inactive Delay 
(Notel) 


10 


35 


10 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (Note 3) 




110 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




ns 


C L = 20-100 pF for 
All 8088 Outputs 
in Addition to 
Internal Loads 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High 
(Notel) 




15 




15 


ns 


TSVMCH 


Status Valid to MCE High 
(Notel) 




15 




15 


ns 


TCLLH 


CLK Low to ALE Valid 
(Notel) 




15 




15 


ns 


TCLMCH 


CLK Low to MCE (Notel) 




15 




15 


ns 


TCHLL 


ALE Inactive Delay (Note 1) 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay (Note 1) 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TCVNV 


Control Active Delay 
(Notel) 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay 
(Notel) 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to 
Read Active 












ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




ns 


TCHDTL 


Direction Control 
Active Delay (Notel) 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay (Note 1 ) 




30 




30 


ns 


TCLGL 


GT Active Delay 




85 




50 


ns 


TGLGH 


GT Inactive Delay 




85 




50 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3 state). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 




A.C. TESTING LOAD CIRCUIT 












" V Y 

-¥-1.5 -« TEST POINTS *- 1 - 5 7V 




DEVICE 

UNDER 

TEST 










:c L - 100 pF 

231456-12 
ance 


231456-11 

A.C. Testing; Inputs are driven at 2.4V for a logic "1 " and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 




C|_ Includes Jig Capacil 



WAVEFORMS (Continued) 

BUS TIMING— MAXIMUM MODE SYSTEM 



K jn^-Jf 



Si.S^.SS (EXCEPT HALT) 



ALE (8288 OUTPUT) 



ROY (8284 INPUT) 



READY (8088 INPUT) 



8288 OUTPUTS 
SEE NOTES 5.6 



DT/fi 

MRDCORiOTSC 
DEN 



-A. 









— — - TCH1CH2— I— — | 1— 



X 






r\ 



x 



mw 



x 



3C 










231456-15 
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WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM MODE SYSTEM (USING 8288) 



VCL 

§i, S"i, Si (EXCEPT HALT) 

WRITE CYCLE TCLAV— 

AD; - AOo 

DEN 



8288 OUTPUTS 
SEE NOTES 5.6 



AMWC OR AIOWC 



MWTC OR IOWC 



INTA CYCLE 



A 15 -A 8 
(SEE NOTES 3,4) 



MCE/ 
PBEN 
DT/R 



8288 OUTPUTS 
SEE NOTES 5.6 



SOFTWARE 

MALT - (DEN « V O L;TO.MTn5c,iOTC,M^t^*AMWCJQWC.ATOWC,INTA.0T^ = V h 

AD7-AD0, A 15 -A 8 



S2.S1.S0 




231456-16 



NOTES: 

1 . All signals switch between Voh and Vol unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, T w to determine if T w machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycles. 

4. Two INTA cycles run back-to-back. The 8088 local ADDR/ DATA bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 8284 or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and 
DEN) lags the active high 8288 CEN. 

7. All timing measurements are made at 1 .5V unless otherwise noted. 

8. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 



J 



signal 



X 



\ 

-TINVCM<tonotf 1) 



-4 



NOTE: 231456-17 

1 . Setup requirements for asynchronous signals only to 
guarantee recognition at next CLK. 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



^ 



——Any CLK Cycle— —I |— — 



'<L 



\ 



-Any CLK Cycle- 



/~"W^ 
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REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



l < Any CLK Cycle— — I— — • CLK Cycle — 

CLGH ■ — — -TGVCM 

|- TCLCL _TCH6X— « — ~< 



J' 



v_^rL- ^H_^L 



\ PULSE 1 /— 4 

3 „ COPROCESSOR i 

\ 5. / 



ADr-ADg 

TO, LUCK *— 



PULSE 3 /— 
COPROCESSOR/ 
^ RELEASE / 



V ' " 

A — , _ 



COPROCESSOR 



(SEE NOTE 1) 

NOTE: 

1 . The coprocessor may not drive the busses outside the region shown without risking contention. 



HH 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



-> 1 CLK CYCLE— 



.1 



£ 



"^ 
X 



-1 OR 2 CYCLES- 



"S-V 



— TCLHAV 

s 



A 



fc 






COPROCESSOR 
it 



)-< 



231456-20 
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8086/8088 Instruction Set Summary 






Mnemonic and r 
Description 


instruction Code, 


DATA TRANSFER 
MOV = Move: 

Register/ Memory to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

Register/Memory to Segment Register 

Segment Register to Register/Memory 

PUSH = Push: 

Register/Memory 
Register 
Segment Register 

POP = Pop: 

Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 

Register/Memory with Register 
Register with Accumulator 
IN = input from: 
Fixed Port 
Variable Port 

OUT = Output to: 

Fixed Port 
Variable Port 

XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


76543210 


76543210 


76543210 


76543210 


1 0.001 Odw 


mod reg r/m | 






1 10001 1 w 


mod r/m | 


data 


data if w = 1 | 










1 1 1 w reg 


data | 


data if w = 1 








1010000w 


addr-low | 


addr-high 








1010001W 


addr-low | 


addr-high 






' 


10001 1 10 


mod reg r/m | 






10001100 


mod reg r/m | 






11111111 


mod 1 1 r/m | 






1 1 reg 




reg 1 1 




10001 1 1 1 


mod r/m | 






1 1 1 reg 




reg 1 1 1 




1 00 1 1 w 


mod reg r/m | 






1 1 reg 




1 1 1001 Ow 


port | 




■■■ ■■■■■■■■ ; : -' < 


1 1 1 01 1 Ow 




1 1 1001 1 w 


port | 


1 1 1 1 1 1 w 




11010111 


10 01101 


mod reg r/m | 


1 1000101 


mod reg r/m | 


1 1000100 


mod reg r/m | 


10 011111 




1 001 1110 


10 01110 


1001 1101 
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8086/8088 Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


ARITHMETIC 
ADD = Add: 

Reg./Memory with Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg./Memory with Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

INC = Increment: 

Register/Memory 

Register 

AAA = ASCII Adjust for Add 

BAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg./Memory and Register to Either 

Immediate from Register/ Memory 

Immediate from Accumulator 

SSB = Subtract with Borrow 

Reg./Memory and Register to Either 
Immediate from Register/ Memory 
Immediate from Accumulator 

DEC = Decrement: 
Register/memory 

Register 

NEG = Change sign 

CMP = Compare: 

Register/Memory and Register 

Immediate with Register/Memory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

AAD = ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 


76543210 


76543210 


76543210 


76543210 


d w 


mod reg r/m 


1 OOOOOsw 


modOOOr/m 


data 


| data if s:w = 01 | 


0000010W 


data 


data if w = 1 


l 








000100dw 


mod reg r/m 


1. OOOOOsw 


mod010r/m 


data 


| data if s:w = 01 | 


000101 Ow 


data 


data if w = 1 


I 








1 1 1 1 1 1 1 w 


mod r/m 


1 reg 




001 10111 


001001 1 1 




OOtOTOdw 


mod reg r/m 


1 OOOOOsw 


mod 1 1 r/m 


data 


| data if s:w ■=* 01 | 


001 01 10w 


data j 


data if w = 1 


l 








0001 10dw 


mod reg r/m 


1 OOOOOsw 


mod 1 1 r/m 


data 


| data if s:w = 01 J 


0001 1 1 w 


data 


data if w = 1 


l 








1 1 1 1 1 1 1 w 


mod 1 r/m 


01001 reg 






1 1 1 101 1 w 


mod 1 1 r/m 






001 1 10dw 


mod reg r/m 


1 OOOOOsw 


mod 1 1 1 r/m 


data 


| data if s:w = 01 | 


001 1 1 1 Ow 


data 


data if w = 1 


l 


001 11111 






00101111 


1 1 1 101 1 w 


mod 1 r/m 


1 1 1 101 1 w 


mod 1 1 r/m 


1 1010100 


00001010 


1111 01 1 w 


mod 1 1 r/m 


1 1 1 1 01 1 w 


modi 1 1 r/m 


1 1010101 


00 00101 


1001 1000 




1001 1001 



If 
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8086/8088 Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR =; Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 
TEST « And Function to Flags. No Result: 
Register/Memory and Register 

Immediate Data and Register/ Memory 
Immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 
XOR = Exclusive or: 
Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS - Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 

Direct Within Segment 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 


76543210 


765432 10 


76543210 


7654 32 10 


1 1 1 101 1 w 


mod 1 r/m 


1 1 01 OOyw 


mod 10 r/m 


1 10100vw 


mod 1 1 r/m 


1 1 0100vw 


mod 1 1 1 r/m 


1 10100vw 


mod r/m 


1 10100vw 


mod 001 r/m 


1 ioioovw 


mod 1 r/m 


1 10100VW 


mod 1 1 r/m 






001000dw 


mod reg r/m 


1000000W 


mod 1 r/m 


data 


data if w = 1 | 


0010010W 


data 


data if w = 1 


, , 








1000010W 


mod reg r/m 






1 1 1 101.1 W; 


mod 00 r/m 


data 


data if w = 1 | 


1 1 1 w 


data 


data if w = 1 










000010dw 


mod reg r/m 


1 000000 w 


mod 1 r/m 


data 


data if w = 1 • | 


00001 10w 


data 


data if w = 1 










001 100dw 


mod reg r/m 






1000000W 


mod 1 1 r/m 


data 


data if w =1 | 








k 

\ 
I ■ 


1 1 1 w 


data 


data if w = 1 








11110012 




1010010W 




101001 1 w 




10101 11w 




10101 10w 




1 0101 01 w 




11 101000 


disp-low 


disp-high 


t1 1 1 1 1 1 1 


mod 01 Or/m 








10011 010 


offset-low 


offset-high 








seg-low 


seg-high 






11111111 


mod 1 1 f/m 
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8086/8088 Instruction Set Summary (Continued) 



Mnemonic and 
Description 



Instruction Code 



JMP = Unconditional Jump: 

Direct Within Segment 
Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/ Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/ Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/ JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 

or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/ Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 



76543210 


76543210 


76543210 


| 1 1 101001 


disp-low 


disp-high 








| 11101011 


disp 










I 11111111 


mod 1 r/m 










| 11101010 


offset-low 


offset-high | 










seg-low 


seg-high | 








I 11111111 


mod 1 1 r/m 










| 1 100001 1 








[ 11000010 


data-low 


data-high | 








| 1 100101 1 








| 1 1001 01 


data-low 


data-high | 








| 01110100 


disp 




| 01.1 11100 


disp 










| 01111110 


disp 










| 01 1 1001 


disp 










| 01110110 


disp 










| 01111010 


disp 










| 01110000 


disp 










| 011 1 1000 


disp 










| 01110101 


disp 










| 01111101 


disp 










| 01111111 


disp 










| 01 1 1001 1 


disp 










| 01110111 


disp 










| 01111011 


disp 










| 01 1 10001 


disp 










| 011110 01 


disp 




| 1 1 100010 


disp 










| 1 1 100001 


disp 










| 11100000 


disp 










| 1 1 10001 1 


disp 










| 11001101 


type 










| 11001100 








| 1 1001 1 10 








| 1 1 001 1 1 1 
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8086/8088 Instruction Set Summary (Continued) 



Mnemonic and 
Description 


Instruction Code 


PROCESSOR CONTROL 


76543210 76543210 


CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction i 

STD = Set Direction 

CLI - Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 


1 1 1 it 000 | 




11110101 | 




11111001 | 




11111100 | 




11111101 | 


1 1 1 1 1 1 I 




11111011 | 




111101 | 




10 011011 | 




11 011 xxx | modxxxr/m | 




111 10000 | 



MOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive: 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte 

instruction 
if mod = 1 1 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are 

absent 
if mod = 01 then DISP = disp-low sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high; disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) 4- (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 
*except if mod = 00 and r/m = then EA = disp-high: 

disp-low. 
if s:w = 01 then 16 bits of immediate data form the oper- 
. and 
if s:w = 1 1 then an immediate data byte is sign extended 

to form the 16-bit operand 
if v = then "count" = 1 ; if v = 1 then "count" in (CL) 

register 
x = don't care 

z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 



REG is assigned according to the following table: 


16-Bit (w = 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics © Intel, 1978 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 
tween this and the -003 data sheet. Please review 
this summary carefully. 

1. In the Pin Description Table (Table 1), the descrip- 
tion of the HLDA signal being issued has been cor- 
rected. HLDA will be issued in the middle of either 
the T4 or Ti state. 



1 reg 1 1 
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8-BIT CHMOS MICROPROCESSOR 



Pin-for-Pin and Functionally Compatible 
to Industry Standard HMOS 8088 

Direct Software Compatibility with 
80C86, 8086, 8088 

Fully Static Design with Frequency 
Range from D.C. to: 

— 8 MHz for 80C88A-2 

Low Power Operation 

— Operating Ice - . 10 mA/MHz 

— Standby Ices = 500 u,A max 

Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 



Direct Addressing Capability of 1 
MByte of Memory 

Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

24 Operand Addressing Modes 

Byte, Word and Block Operations 

8 and 16-Bit Signed and Unsigned 

Arithmetic 

— ■ Binary or Decimal 

— Multiply and Divide 

Available in 40-Lead Plastic DIP 

(See Packaging Spec, Order #231369) 



The Intel 80C88A is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The 
processor has attributes of both 8 and 16-bit microprocessors. The 80C88A, available in 8 MHz clock rate, 
offers two modes of operation: MINimum for small systems and MAXimum for larger applications such as 
multi-processing. It is available in 40-pin DIP. 
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Figure 1.80C88A CPU 
Functional Block Diagram 
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Figure 2. 80C88A 40-Lead 
DIP Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for 80C88A systems in either minimum or maximum mode. The 
"local bus" in these descriptions is the dirept multiplexed bus interface connection to the 80GQ8A (without 
regard to additional bus buffers). 



Symbol 


Pin No. 


T yP e 


Name and Function 


AD7-AP0 


9-16 


I/O 


ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/ IO §ddress (T1 ) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state QFFO) 
during interrupt acknowledge and local bus "hold acknowledge". 


A15-A8 


2-8,39 





ADDRESS BUS: These lines provide address bits 8 through 15 for 
the entire bus cycle (T1 -T4). These lines do not have to be 
latched by ALE to remain valid. A15-A8 are active HIGH and float 
to 3-state OFF( 1 ) during interrupt acknowledge and local bus 
"hold acknowledge". 


A19/S6,A18/S5, 
A17/S4.A16/S3 


35-38 





ADDRESS/STATUS: During T1 , these are the four most 
significant address lines for memory operations. During I/O 
operations, these lines are LOW. During memory and I/O 
operations, status information is available on these lines during 
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt 
enable flag bit (S5) is updated at the beginning pf each clock 
cycle. S4 and S3 are encoded as shown. 

This information indicates which segment register is presently 
being used for data accessing. 

These lines float to 3-state OFFOU during local bus "hold 
acknowledge". 


S4 


S3 


CHARACTERISTICS 


O(LOW) 



1(HIGH) 

1 

S6 is O(LOW) 



1 


1 


Alternate Data 

Stack 

Code or None 

Data 


RD 


32 





READ: Read strobe indicates that the processor is performing a 
memory or I/O read cycle, depending on the state of the IO/M pin 
or S2. This signal is used to read devices which reside on the 
80C88A local bus. RD is active LOW during T2, T3 and Tw of any 
read cycle, and is guaranteed to remain HIGH in T2 until the 
80C88A local bus has floated. 

This signal floats to 3-state OFFO) in "hold acknowledge". 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The RDY signal 
from memory or I/O is synchronized by the 82C84A clock 
generator to form READY. This signal is active HIGH. The 80C88A 
READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


INTR 


18 


1 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located 
in system memory. It can be internally masked by software resetting 
the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 


TEST 


23 


1 


TEST: input is examined by the "wait for test" instruction. If the 
TEST input is LOW, execution continues, otherwise the processor 
waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 


NMI 


17 


1 


NON-MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. NMI is not maskable 
internally by software. A transition from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. This input is internally 
synchronized. 


RESET 


21 


1 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. 
It restarts execution, as described in the instruction set description, 
when RESET returns LOW. RESET is internally synchronized. 


CLK 


19 


' 1 ' ; ' 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc 


40 




Vcc= is the + 5V ±10% power supply pin. 


GND 


1,20 




GND: are the ground pins. Both must be connected. 


MN/MX 


33 


1 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 



The following pin function descriptions are for the 80C88A minimum mode (i.e., MN/MX = Vcc). Only the pin 
functions which are unique to minimum mode are described; all other pin functions are as described above. 



IO/M 


28 





STATUS LINE: is an inverted maximum mode S2. It is used to 
distinguish a memory access from an I/O access. IO/M becomes 
valid in the T4 preceding a bus cycle and remains valid until the final 
T4 of the cycle (I/O = HIGH, M = LOW). IO/M floats to 3-state 
OFF0) in local bus "hold acknowledge". 


WR 


29 





WRITE: strobe indicates that the processor is performing a write 
memory or write I/O cycle, depending on the state of the IO/M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF0) in local bus "hold acknowledge". 


INTA 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


ALE 


25 





ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock low of T1 of any bus cycle. Note that ALE is never floated. 


DT/R 


27 


6 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically, DT/R is 
equivalent to ST in the maximum mode, and its timing is the same as 
for IO/M (T =* HIGH, R = LOW). This signal floats to 3-state OFF(D 
in local "hold acknowledge". 


DEN 


26 





DATA ENABLE: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active LOW 
during each memory and I/O access, and for INTA cycles. For a read 
or INTA cycle, it is active from the middle of T2 until the middle of T4, 
while for a write cycle, it is active from the beginning of T2 until the 
middle of T4. DEN floats to 3-state OFF0) during local bus "hold 
acknowledge". 


HOLD, HLDA 


30, 31 


1, 


HOLD: indicates that another master is requesting a local bus 
"hold". To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as an 
acknowledgement, in the middle of a T4 or Ti clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 


SSO 


34 


o 


STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of SSO, IO/M and DT/R allows the system to 
completely decode the current bus cycle status. 


IO/M 


DT/R 


SSO 


CHARACTERISTICS 


1(HIGH) 

1 

1 

1 

0(LOW) 

6 








1 
1 



1 
■■■1 "^ 




1 



1 



1 



1 


Interrupt Acknowledge 
Read I/O port 
Write I/O port 
Halt 

Code access 
Read memory 
Write memory 
Passive 
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Table 1 . Pin Description (Continued) 

The following pin function descriptions are for the 80C88A/82C8S system in maximum mode (i.e., 
MN/MX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. 



Symbol 


Pin No. 


Type 


Name and Function 


S2,3T,S0 


26-28 





STATUS: is active during clock high of T4, T1 , and T2, and is 
returned to the passive state (1 ,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller to 
generate all memory and I/O access control signals. Any change by 
52, ST, or §0 during T4 is used to indicate the beginning of a bus 
cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These signals float to 3-state OFF( 1 ) during "hold acknowledge". 
During the first clock cycle after RESET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 


§2 


S1 , 


so 


CHARACTERISTICS 


0(LOW) 







1(HIGH) 

1 

1 

1 





1 
1 
o 



1 
1 




1 



1 



1 



1 


Interrupt Acknowledge 
Read I/O port 
Write I/O port 
Halt 

Code access 
Read memory 
Write memory 
Passive 


RQ/GTO, 

rq/gTT 


30,31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor's current bus cycle. Each pin is bidirectional with RQ/GTO 
having higher priority than RQ/GTT. RQ/GT has an internal pull-up 
resistor, so may be left unconnected. The request/grant sequence is 
as follows (see timing diagram): 

1 . A pulse of one CLK wide from another local bus master indicates a 
local bus request ("hold") to the 80C88A (pulse 1). 

2. During a T4 or T1 clock cycle, a pulse one clock wide from the 
80C88A to the requesting master (pulse 2), indicates that the 
80C88A has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next CLK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 
80C88A (pulse 3) that the "hold" request is about to end and that the 
80C88A can reclaim the local bus at the next CLK. The CPU then 
enters T4. 
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Table 1. .Pin- Descriptions (Continued) 



Symbol 


Pin No. 


Typ«r 


Name and Function 


RQ/GTO, 
RQ/GT1 


30,31 


I/O 


Each master-master exchange of the Ipcatl bus is a sequence of 
three pulses. There must be one idle CLK cycle after each bus 
exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T4 of the cycle when all the 
following conditions are met: 

1 .Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible 
events will follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. 


LOCK 


29 





LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is 
active LOW, and floats to 3-state OFFO) in "hold acknowledge". 


QS1.QS0 


24,25 





QUEUE STATUS: provide Status to allow external tracking of the 
internal 80C88A instruction queue. 

The queue status is valid during the CLK cycle after which the 
queue operation is performed. 


QS1 


QSO 


CHARACTERISTICS 


0(LOW) 


1(HIGH) 
1 




1 



1 


No operation 

First byte of opcode from queue 
Empty the queue 
Subsequent byte from queue 


— . 


34 


o 


Pin 34 is always high in the maximum mode. 



NOTE: 

1 . See the section on Bus Hold Circuitry. 
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FUNCTIONAL DESCRIPTION 



STATIC OPERATION 

All 80C88A circuitry is of static design. Internal regis- 
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C88A can operate from DC to the appropriate up- 
per frequency limit. The processor clock may be 
stopped in either state (high/low) and held there in- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C88A can be single stepped using only the 
CPU clock. This state, can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88A power 
dissipation is directly related to operating frequency. 
As the system frequency is reduced, so is the oper- 
ating power until ultimately, at a DC input frequency, 
the 80C88A power requirement is the standby cur- 
rent. 
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MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3.) 

All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFF0H through FFFFFH are reserved for 
operations including a jump to the initial system 
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Figure 4. Reserved Memory Locations 



Figure 3. Memory Organization 
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Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE(CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA(DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 



initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the jump must be located. Locations 00000H 
through 003FFH are reserved for interrupt opera- 
tions. Four-byte pointers consisting of a 16-bit seg- 
ment address and a 16^bit offset address direct pro- 
gram flow to one of the 256 possible interrupt serv- 
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re- 
served memory prior to the occurrence of interrupts. 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi- 
mum 80C88A systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins: Consequently, the 80C88A is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88A defines pins 24 through 31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vcc. the 80C88A generates bus control signals 
itself on pins 24 through 31 and 34. 

The minimum mode 80C88A can be used with either 
a multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS®-85 



multiplexed bus peripherals (8155, 8156, 8355, 
8755A, and 8185). This configuration (See Figure 5) 
provides the user with a minimum chip count sys- 
tem. This architecture provides the 80C88A pro- 
cessing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus bufferi ng is required. 
(See Figure 6.) The 80C88A provides DEN and DT/ 
R to control the transceiver, and ALE to latch the 
addresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re- 
quirements. 

The maximum mode employs the 82C88 bus con- 
trolier. (See Figure 7.) The 82C88 decodes status 
lines SO, S1 , and S2, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa- 
bility to the control lines, and frees the 80C88A pins 
for extended large system features. Hardware lock, 
queue status, and two request/grant interfaces are 
provided by the 80C88A in maximum mode. These 
features allow co-processors in local bus and re- 
mote bus configurations. 
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Figure 5. Multiplexed Bus Configuration 
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Figure 6. Demultiplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 80C88A address/data bus is broken into three 
parts— the lower eight address/data bits (AD0-AD7), 
the middle eight address bits (A8-A15), and the up- 
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi- 
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad- 
dress bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad- 
dress latch if a standard, non-multiplexed bus is de- 
sired for the system. 



Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T1 , T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C88A driven bus cycles. 
These are referred to as "idle" states (Ti), or inac- 
tive CLK cycles. The processor uses these cycles 
for internal housekeeping. 
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Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
tde 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 

Status bits SO* ST, and S2 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 



s 2 


Si..- 


So 


CHARACTERISTICS 


(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 



s 4 


s 3 


CHARACTERISTICS 


O(LOW) 



1 (HIGH) 

1 




1 



1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. S6 
is equal to 0. 

I/O ADDRESSING 

in the 80C88A, I/O operations can address up to a 
maximum of 64k I/O registers. The I/O address ap- 
pears in the same format as the memory address on 
bus lines A15-A0. The address lines A19-A16 are 
zero in I/O operations. The variable I/O instructions, 
which use register DX as a pointer, have full address 



capability, while the direct I/O instructions directly 
address one or two of the 256 I/O byte locations in 
page of the I/O address space. I/O ports are ad- 
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 80C88A uses a full 16-bit ad- 
dress on its lower 16 address lines. 



EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C88A RESET is required to be HIGH for four or 
more clock cycles. The 80C88A will terminate oper- 
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. Af- 
ter this interval the 80C88A operates normally, be- 
ginning with the instruction in absolute location 
FFFFOH. (See Figure 4.) The RESET input is inter- 
nally synchronized to the processor clock. At initiali- 
zation, the HIGH to LOW transition of RESET must 
occur no sooner than 50 ju,s after power up, to allow 
complete initialization of the 80G88A. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF0) during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF0). ALE and HLDA are driven low. 

NOTE: 

1 . See the section on Bus Hold Circuitry. 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C88A pins 2-16, 26-32, and 
34-39 (Figure 9a, 9b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 jmA minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply 



current is negligible and power dissipation is signifi- 
cantly reduced when compared to the use of pas- 
sive pull-up resistors. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 



"Pull-Up/Pull-Down" 
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Figure 9a. Bus hold circuitry pin 2-16, 35-39. 
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Figure 9b. Bus hold circuitry pin 26-32, 34. 
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Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type." An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 



be free of logical spikes in general and be; free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. J 

MASKABLE INTERRUPT (INTR) 

The 80C88A provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri- 
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter- 
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis- 
ter which is automatically pushed onto the stack re- 
flects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88A emits 
the LOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
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Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 



HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to "allow' the, sys- 
tem tojatch the halt status . Halt status is available 
on IO/M, DT/R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, 
S1 , and §0, and the 82C88 bus controller issues one 
ALE. The 80C88A will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET Will force the 80C88A out of the HALT 
state. 



READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write opera- 
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycl e of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 



EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the 8 0C88A provides 
a single software-testable input pin (TEST). This in- 
put is utilized by executing a WAIT instruction. The 
sin gle WA IT instruction is repeatedly executed until 
the TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 



If a local bus request occurs during WAIT execution, 
the 80C88A 3-states all output drivers. If interrupts 
are enabled, the 80C88A will recognize interrupts 
and process them. The WAIT instruction is then re- 
fetched, and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible withjhe 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus control signals. 



System Timing — Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the address/ 
data bus (AD0-AD7) at this time, into a latch. Ad- 
dress lines A8 through A1 5 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the IO/M signal indicates a 
memory or I/O operation. At T2 the address is re- 
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad- 
dressed device will again 3-state its bus drivers, if a 
transceiver is required t o buf fer the 80C88A local 
bus, signals DT/R and DEN are provided by the 
80C88A. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The IO/M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tyv, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowl- 
edge cycle an<M read cyple is that the interrupt ac- 
knowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. 82C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 

BUS TIMING — MEDIUM COMPLEXITY 
SYSTEMS 

(See Figure 11.) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater th an th e 80C88A is capable of 
handling. Signals ALE, DEN, and DT/R are generat- 
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The 80C88A status outputs (S2, SI, and 
SO) provide type of cycle information and become 
82G88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the usua l T and OE inputs from the 
82C88's DT/R and DEN outputs. 

The pointer into the interru pt vec tor table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter- 
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 



THE 80C88A COMPARED TO THE 80C86 

The 80C88A CPU is ari 8-bit processor designed 
around the 80C86 internal structure. Most internal 
functions of the 80C88A are identical to the equiva- 



lent 8QC86 functions. The 80C88A handles the ex- 
ternal bus the same way the 80C86 does with the 
distinction of handling only 8 bits at a time. Sixteen- 
bit operands are fetched or written in two consecu- 
tive bus cycles. Both processors will appear identical 
to the software engineer, with the exception of exe- 
cution time. The internal register structure is identi- 
cal and all instructions have the same end result. 
The differences between the 80C88A and 80C86 
are outlined below. The engineer who is unfamiliar 
with the 80C86 is referred to the iAPX 86, 88 User's 
Manual, Chapters 2 and 4, for function description 
and instruction set information. Internally, there are 
three differences between the 80C88A and the 
80C86, All changes are related to the 8-bit bus inter- 
face. 

• The queue length is 4 bytes in the 80C88A, 
whereas the 80C86 queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 

• To further optimize the queue, the prefetching al- 
gorithm was changed. The 80C88A BIU will fetch 
a new instruction to load into the queue each 
time there is a 1 byte hole (space available) in the 
queue. The 80C86 waits until a 2-byte space is 
available. 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 1 6-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur, When the more sophisticated instructions 
of the 80Q38A are being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution unit will allow. 

The 80C88A and 80C86 are completely software 
compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable, but software that is not sys- 
tem dependent will operate equally as well on an 
80C88A or an 80C86. 

The hardware interface of the 80C88A contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 

• A8-A15 ~- These pins are only address outputs 
on the 80C88A. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 tipper address 
lines. 
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• BHE has no meaning on the 80C88A and has 
been eliminated. 

• SSO provides the SO status information in the 
minimum mode. This output occurs on pin 3 4 in 
minimum mode only. DT/R, 10/M, and SSO pro- 
vide the complete bus status in minimum mode. 



• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the mini- 
mum mode when entering HALT, to allow the 
status to be latched with ALE. 
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Figure 11. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) . ........... 0.5 to 7.0V 

Input Voltage Applied 
(w.r.t. ground) -0.5 to V<x + 0.5V 

Output Voltage Applied 

(w.r.t. ground) -0.5 to Vcc + 0.5V 

Power Dissipation 1 .0W 

Storage Temperature . . \ -65°C to + 150°C 

Ambient Temperature Under Bias . .... .0°C to + 70°C 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of tfye device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = o°c to 70°c, v C c = 5V ±5% 






Symbol 


Parameter 


80C88A-2 


Units 


Test Conditions 


Min 


Max 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V| H 


Input High Voltage (All inputs 
except clock) 


2.0 




V 




V C H 


Clock High Voltage 


V C c -0.8 




V 




Vol 


Output Low Voltage 




0.45 


V 


Id = 2.5 mA 


VOH 


Output High Voltage 


3.0 
Vcc-04 




V 


l H = -2.5 mA 
l H = -IOOjulA 


■cc 


Power Supply Current 




lOmA/MHz 


V, L = GND,V,H = V C c 


ices 


Standby Supply Current 




500 


ju,A 


V|N = VccorGND 
Outputs Unloaded 
CLK = GND or V C c 


lu 


Input Leakage Current 




±1.0 


juA 


ov<;v, N ^v C c 


'bhl 


Input Leakage Current 
(Bus Hold Low) 


50 


400 


fxA 


V| N = 0.8V 
(Note 4) 


'bhh 


Input Leakage Current 
(Bus Hold High) 


-50 


-400 


jjlA 


V| N = 3.0V 
(Note 5) 


•bhlo 


Bus Hold Low Overdrive 




600 


ju,A 


(Note 2) 


S BHHO 


Bus Hold High Overdrive 




-600 


jllA 


(Note 3) 


«lo 


Output Leakage Current 




±10 


/xA 


V UT = GND or V C c 


C|N 


Capacitance of Input Buffer 

(All inputs except ADo-AD 7> RQ/GT) 




5 


PF 


(Notel) 


C|0 


Capacitance of I/O Buffer 
(AD -AD 7> RQ/GT) 




20 


PF 


(Notel) 


COUT 


Output Capacitance 




15 


PF 


(Notel) 



NOTES: 

1 . Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND 

c) V| N at + 5.0V or GND. 

2. An external driver must source at least Ibhlo to switch this node from LOW to HIGH. 

3. An external driver must sink at least Ibhho to switch this node from HIGH to LOW. 

4. Test condition is to lower Vin to GND and then raise Vin to 0.8V on pins 2-16 and 34-39. 

5. Test condition is to raise Vjn to Vcc ^d then lower Vin to 3.0V on pins 2-16, 26-32 and 34-39. 



2-136 



■Kef 



80C88A 



A.C. CHARACTERISTICS T A = o°c to 70°C, v C c = 5V ±5% 



MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 








Symbol 


Parameter 


80C88A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLCL 


CLK Cycle Period 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


68 




ns 


TCHCL 


CLK High Time 


44 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


20 




ris 




TCLDX 


Data in Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 82C84A 
(Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 82C84A 
(Notes 1,2) 







ns 


TRYHCH 


READY Setup Time into 80C88A 


68 




ns 


TCHRYX 


READY Hold Time into 80C88A 


20 




ns 


TRYLCL 


READY Inactive to CLK (Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


20 




ns 


TINVCH 




15 




ns 


INTR, NMI, TEST Setup Time 
(Note 2) 


TILIH 


Input Rise Time (Except CLK) 
(Note4) 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 
(Note 4) 




15 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 










Symbol 


Parameter 


80C88A-2 


Units 


Test 
Conditions 


Min 


Max 


TCLAV 


Address Valid Delay 


10 


60 


ns 


v. ■ ■ 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




50 


ns 


TCHLL 


ALE Inactive Delay 




55 


ns 


TLLAX 


Address Hold Time to ALE Inactive 


TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time After WR 


TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


70 


ns 


TCHCTV 


Control Active Delay 2 


10 


60 


ns 


TCVCTX 


Control Inactive Delay 


10 


70 


ns 


TAZRL 


Address Float to READ Active 







ns 


TCLRL 


RD Active Delay 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


80 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-40 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-40 




ns 


TOLOH 


Output Rise Time (Note 4) 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time (Note 4) 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 

4. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



AC. TESTING LOAD CIRCUIT 



Input/Output 

2.4 

0.45 

240028-13 
A.C. Testing inputs are driven at 2.4 for a logic "1" and 0.45 for a 
logic "0". Timing measurements are made at 1 .5V 



DEVICE 
UNDER 
TEST 



* 



Cl Includes Jig Capacitance 



WAVEFORMS 

BUS TIMING — MINIMUM MODE SYSTEM 



CLK (MCMA Output) 



ALP 



RDY (MCMA Input) 

SEE NOTE 1 



READY (MCMA Input) { 



READ CYCLE 

(NOTE 1) 

(WR.IRTA-Voh> 



Ti 
- TCLCL - 



JT^T\ 



y 



A19-A16 



\ 



TCHLL- 

♦-TAVAL-* 



CH1CH2-I I— — | V 



T 3 T W 
— TCL2CL1 / 

JTX-jr\ 



Ats - A s (Float during INTA) 



X 



< 



TCHCTV TCLRL 



\ 



»8-«b 




I 



X 



/ 

/ 



FLOAT 
-TRHAV- 



C 



240028-15 
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WAVEFORMS (Continued) 

BUS TIMING — MINIMUM MODE SYSTEM (Continued) 



CLK(82C84A Output) 



AD7-AD0 



WRITE CYCLE 
NOTE1 



INTA CYCLE 
NOTES 1,3 

(WB,WPi«VoH» 



SOFTWARE HALT - 
DEN,RD,WR,iNTA = Voh 
DT/Rll 



AD7-AO0 




SOFTWARE HALT 



NOTES: 

1 . All output timing measurements are made at 1 .5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tyv machines states are to be inserted. 

3. Two INTA Cycles run back-to-back. The 80C88A local ADDR/Data bus is floating during both INTA Cycles. Control 
signals are shown for the second I NTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 








Symbol 


Parameter 


80C88A-2 


Units 


Test Conditions 


Min 


Max 


TCLCL 


CLK Cycle Period 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


68 




ns 


TCHCL 


CLK High Time 


44 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


20 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 82C84 
(See Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 82C84 
(See Notes 1,2) 







ns 


TRYHCH 


READY Setup Time into 80C88A 


68 




ns 


TCHRYX 


READY Hold Time into 80C88A 


20 




ns 


TRYLCL 


READY Inactive to CLK 
(See Note 4) 


-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) (See Note 2) 


15 




ns 


TGVCH 


RQ/GT Setup Time 


15 




ns 


TCHGX 


RQ Hold Time into 80C88A 


30 




ns 


TILIH 


Input Rise Time (Except CLK) 
(Note5) 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 
(Note 5) 




15 


ns 


From 2.0V to 0.8V 



'4 
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A.C. CHARACTERISTICS 



TIMING RESPONSES 










Symbol 


Parameter 


80C88A-2 


Units 


Test Conditions 


Min 


Max 


TCLML 


Command Active Delay (Note 1) 


5 


35 


ns 


' 


TCLMH 


Command Inactive Delay (Note 1) 


5 


35 


ns 


TRYHSH 


READY Active to Status Passive (Note 3) 




65 


ns 


TCHSV 


Status Active Delay 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High (Note 1) 




20 


ns 


TSVMCH 


Status Valid to MCE High (Note 1 ) 




30 


ns 


TCLLH 


CLK Low to ALE Valid (Note 1 ) 




20 


ns 


TCLMCH 


CLK Low to MCE High (Note 1 ) 




25 


ns 


TCHLL 


ALE Inactive Delay (Note 1) 


4 


18 


ns 


TCLDV 


Data Valid Delay 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (Note 1) 


10 


45 


ns 


TAZRL 


Address Float to Read Active 







ns 


TCLRL 


RD Active Delay 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


80 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-40 




ns 


TCHDTL 


Direction Control Active Delay (Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (Note 1) 




30 


ns 


TCLGL 


GT Active Delay 





50 


ns 


TCLGH 


GT Inactive Delay 





50 


ns 


TRLRH 


RD Width 


2TCLCL-50 




ns 


TOLOH 


Output Rise Time (Note 5) 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time (Note 5) 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent 
specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 state). 

5. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



input/Output 

2.4 



0.45- 



240028-17 
A.C. Testing inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 1.5V. 



DEVICE 
UNDER 
TEST 



1 



C|_ Includes Jig Capacitance 



WAVEFORMS 

BUS TIMING— MAXIMUM MODE 



- TCLCL -TCH1CH2— | U- — ►] j» TCL2CL1 Tw 



5i.57.5J (EXCEPT HALT) 



ALE (I2CM OUTPUT) 



ROY (I2CM INPUT) 



READY (80C88A INPUT) 



82CS8 OUTPUTS 
SEENOTES5.fr 



DT/W 

mTSBCorIOTIC 
DEN 



TSVLH-* 
TCLLH- 



X 



X 



X 



X 



X 



WE 



X 



mm 



x 



TCLAX 
TCLAZ 



i. 



Y. 



I LOAT y 






f 



\. 



TRYHCH 

-TDVCL- 



DC 



X 



X 



/ — 

/ 



X 




c 
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WAVEFORMS (Continued) 

BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88) 



JCHSV 
VCH J— ^ " 

clk r-^ 



S 2 , S v S (EXCEPT HALT) 
WRITE CYCLE TCLAV- 

AD 7 -AD 



82C88 

OUTPUTS 

SEE 

NOTES 5,6 



OR AIOWC 



OR 10 WC 



INTA CYCLE 



(SEE NOTES 3,4) 
AD 7 -AD ' 



82C88 OUTPUTS 
SEE NOTES 5,6 



T, 



r.-PL-/\ 



3 T 



T 4 




SOFTWARE _ 

HALT - (DEN = V 0L ; RD, MRD C, tORCMWTC, AMWC, IOWC, AIOWC , INTA,DT/R = V 0H . 
AD 7 -AD , A 15 -A 8 



TCLAV-* 



£ 



INVALID ADDRESS 



S 2 ,S 1 ,S 



y 






NOTES: 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tyy machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycles. 

4. Two INTA cycles run back-to-back. The 80C88A local ADDR/Data bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82C88 are shown for reference only. 

6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and 
DEN) lags the active high 82C88CEN. 

7. Status inactive in state just prior to t 4 . 
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WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 



X 



H 



— TINVCH (see note) 



-I 



240028-21 

NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next CLK. 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



CLK 
TCLAV— H 
LOCK 



ANY CLK CYCLE 



-i 



■ly-v^ 



ANY CLK CYCLE 



^ 



f 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



> 0-CLK CYCLE 




mm 



a- 



3 _/ PUL96 1 JS 



"^L^UrL 



COPROCESSOR TO 




80C88AST 



COPROCESSOR 
RELEASE 



— *-TCLAZ 



xz 



COPROCESSOR 



A 19 /S 6 -A 16 /S 3 PREVIOUS 

A,5-A 8 » 

2 » 1> ' 

RD, LOCK 



NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 



J— /80C88 



240028-23 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



-> 1 CLK CYCLE- 



/ 



"A 



1 OR 2 CYCLES- 



r 



v 



X 



COPROCESSOR 

4f 



)K 



240028-24 
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80C86A/80C88A INSTRUCTION SET SUMMARY 






Mnemonic and 
Description 


Instruction Code 


DATA TRANSFER 
MOV = Move: 

Register/ Memory to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator ' 

Accumulator to Memory 

Register/ Memory to Segment Register* * 

Segment Register to Register/Memory 

PUSH - Push: 

Register/Memory 
Register 
Segment Register 

POP = Pop: 

Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 

Register/Memory with Register 
Register with Accumulator 
IN = input from: 
Fixed Port 
Variable Port 

OUT .= Output to: 
Fixed Port 
Variable Port 

XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


76543210 


76543210 


76 54 3210 


76543210 


100010dw 


mod reg r/m | 






1 1 1 1 w 


mod r/m | 


data 


data if w 1 | 










101 1 w reg 


data | 


data if w 1 








1 01 00 00 w 


add-low | 


addr-high 








1010001W 


addr-low 


addr-high 








10001 1 10 


mod reg r/m \ 






1 0001 1 00 


mod reg r/m | 






11111111 


mod 1 1 r/m | 






01010reg 




reg 1 10 




10 001111 


mod 00 r/m | 






1 1 1 reg 




0reg-11-1 




1 00001 1 w 


mod reg r/m ] 






10010 reg 




1 1 1 00.1 Ow 


port | 


1 1 1 01 1 Ow 






1 1 1 001 1 w 


port | 


1 1 1 01 1 1 w 




11010111 


1 0001 101 


mod reg r/m | 


1 1 0001 01 


mod reg r/m | 


1 1 0001 00 


mod reg r/m j 


10 011111 




10 11110 


1 001 1 100 


10011101 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 



Mnemonic and 
Description 


Instruction Code 


ARITHMETIC 
ADD = Add: 

Reg./Memory with Register to Either 

Immediate to Register/Memory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg./Memory with Register to Either 

Immediate to Register/ Memory 

Immediate to Accumulator 

INC = Increment: 

Register/ Memory 
Register 

AAA = ASCII Adjust for Add 
DAA = Decimal Adjust for Add 
SUB = Subtract: 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 
SBB = Subtract with Borrow 
Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 

Register/ Memory 

Register 

NEG = Change Sign 

CMP = Compare: 

Register/ Memory and Register 

Immediate with Register/ Memory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

A AD = ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 


76543210 


76543210 


76543210 


76543210 


OOOOOOdw 


mod reg r/m 


1 OOOOOsw 


mod r/m 


data 


| data if s:w = 01 | 


000001 Ow 


data 


data if w = 1 


1 








000100dw 


mod reg r/m 


1 OOOOOsw 


mod 1 r/m 


data 


| data if s.w = 01 | 


000101 Ow 


data 


data if w = 1 


1 








1 1 1 1 .1 1 1 w 


mod r/m 


1 reg 






00110111 




00100111 




00101 Odw 


mod reg r/m 


1 OOOOOsw 


mod 1 1 r/m 


data 


| data if s:w = 01 | 


001 01 1 Ow 


data 


data if w = 1 


I 








0001 1 Odw 


mod reg r/m 


1 OOOOOsw 


mod 1 1 r/m 


data 


| data if s:w = 01 | 


0001 1 1 Ow 


data 


data if w = 1 


l 








1 1 1 1 1 1 1 w 


mod 1 r/m | 


010 1 reg 






1 1 1 1 01 1 w 


mod 1 1 r/m 






00111 Odw 


mod reg r/m ] 


1 OOOOOsw 


mod 1 1 1 r/m | 


data 


| data if s:w = 01 | 


001 1 1 1 Ow 


data I 


data if w = 1 


l 


00111111 






00101111 


1 1 1 1 01 1 w 


modi r/m | 


1 1 1 1 01 1 w 


mod 1 1 r/m | 


110101 00 


00001010 


1 1 1 1 1 1 w 


mod 1 1 Or/m | 


1 1 1 1 01 1 w 


mod 1 11 r/m 


11010101 


00001 010 


10 0110 




1 001 1001 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 




Mnemonic and 
Description 


Instruction Code 


LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
TEST = And Function to Flags, No Result: 
Register/ Memory and Register 
Immediate Data and Register/ Memory 
Immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
XOR = Exclusive or: 
Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 

Direct Within Segment 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 


76543210 


76543210 


76543210 


76543210 


1 1 1 101 1 w 


mod 1 r/m 


i 1 1 v w 


mod 1 r/m 


1 10100vw 


mod 1 1 r/m 


1 1 OlOOvw 


mod 1 1 1 r/m 


1 10100vw 


mod r/m 


1 1010'Ovw 


mod 1 r/m 


1 1 0100vw 


mod 010 r/m 


1 10100vw 


mod 1 1 r/m 






001000dw 


mod reg r/m 


1 000000 w 


mod 1 r/m 


data 


data if w = 1 | 


0010010W 


data 


data if w = 1 


... 








1 00001 Ow 


mod reg r/m 






1 1 1 101 1 w 


mod r/m 


data 


data if w = 1 | 


1 1 1 w 


data 


data if w = 1 


. * ■ 








0000l0dw 


mod reg r/m 


1 OOOOOOw 


mod 1 r/m 


data 


data if w = 1 J 


00001 1 Ow 


data 


data if w = 1 










001 100dw 


mod reg r/m 






1000000W 


mod 1 1 r/m 


data 


data if w = 1 | 








• ... 


001 101 Ow 


data 


data if w = 1 








1 1 1 1 001 z . 




101 0010 w 




1 1 1 1 w 




10101 1 1 w 




10101 10w 




1010101W 




1 1 101000 


disp-low 


disp-high 


1 11 11111 


mod 1 r/m 








1001 1010 


offset-low 


offset-high 








seg-low 


seg-high 






11111111 


mod 011 r/m 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 



Mnemonic and 
Description 


instruction Code 


JMP = Unconditional Jump: 

Direct Within Segment 
Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 

or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/ Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 


76543210 


7 6 5 4 3 2 10 


76543210 


11101 001 


disp-low 


disp-high 








11101011 


disp 






11111111 


mod 10 r/m 






11101010 


offset-low 


offset-high | 






seg-low 


seg-high | 






11111111 


mod 1 1 r/m 






1 1 00001 1 




1 1 000010 


data-low 


data-high | 






11001011 




11001010 


data-low 


data-high | 








01 1 101 00 


disp 


01111100 


disp 






01111110 


disp 






01 1 10010 


disp 






01110110 


disp 






01111010 


disp 






01 1 100 00 


disp 






01111 000 


disp 






01110101 


disp 






01111101 


disp 






01111111 


disp 






01110011 


disp 






01110111 


disp 






01111011 


disp 






01 1 10001 


disp 






01 1 1 1001 


disp 


1110 010 


disp 






1 1 100001 


disp 






1 1 1 00000 


disp 






1110 011 


disp 






1 1 001 1 01 


type 






110 0110 




1 1 001 1 1 




1 1 001 1 1 1 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 



Mnemonic and 
Description 


Instruction Code 


PROCESSOR CONTROL 


76543210 76543210 


CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 


1111 1000 | 




1 1 1 10101 | 




1111 1001 I 




11111100 | 




11111101 | 


11111010 | 




1 1 1 1 101 1 | 




1 1 1 10100 | ' , . 




1001 101 1 | 




1 1 1 1 x x x I mod x x x r/m J 




1 1 1 10000 | 



NOTES: 

AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
DS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive; 

Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = then "from" reg 
if w = 1 then word instruction; if w = then byte instruc- 
tion 
if mod = 1 1 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*. disp-iow and disp-high are 

absent 
if mod = 01 then DISP = disp-low sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 
if r/m = 000 then EA « (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 1 1 1 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m =110 then EA = disp- 
high: disp-low. 
**MOV CS, REG/MEMORY not allowed. 

DATA SHEET REVISION REVIEW 



if s:w = 01 then 16 bits of immediate data form the oper- 
and. 

if s:w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = then "count" = 1; if v = 1 then "count" in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 



00 1 reg 1 1 



REG is assigned according to the following table: 


16-Blt(w = 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics © Intel, 1978 



The following list represents key differences between this and the -001 data sheet. Please review this summa- 
ry carefully. 

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected. 
HLDA will be issued in the middle of either the T4 or Ti state. 
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80C88AL 
8-BIT CHMOS MICROPROCESSOR 



Pin-for-Pin and Functionally Compatible 
to Industry Standard HMOS 8088 

Direct Software Compatibility with 
80C86AL, 8086, 8088 

Fully Static Design with Frequency 
Range from D.C. to: 

— 5 MHz for 80C88AL 

— 8 MHz for 80C88AL-2 

Low Power Operation 

— Operating Ice = 10 mA/MHz 

— Standby Ices = 750 jllA max 

Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 



Direct Addressing Capability of 1 
MByte of Memory 

Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

24 Operand Addressing Modes 

Byte, Word and Block Operations 

8 and 16-Bit Signed and Unsigned 
Arithmetic 

— Binary or Decimal 

— Multiply and Divide 

Available in 40-Lead Plastic DIP and 44- 
Lead PLCC Packages 

(See Packaging Spec, Order #231369) 



The Intel 80C88AL is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. 
The processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 and 8 MHz clock rates. 
The 80C88AL offers two modes of operation: MINimum for small systems and MAXimum for larger applica- 
tions such as multi-processing. It is available in 40-pin DIP and 44-pin plastic leaded chip carrier (PLCC) 
package. 



MEMORY INTERFACE 





1 


r 


C-BUS 












..... 


I 


11- 








1 INSTRUCTION 

■ STREAM BYTE 

fgJl QUEUE 








4^ 

Ibbus M 






3 






2 






ES 


1 






cs 
















INTERFACE 
UNIT 


ss 


A-BUS 








OS 




EXECUTION UNIT 
CONTROL 
SYSTEM 




IP 




i 










i 


^*7 

\ ARITHMETIC/ / 




AH 


AL 




BH 


BL 




CH 


CL 


\lOGIC UNIT / 




EXECUTION 


OH 


OL 








UNIT 


SP 






BP 




SI 
















" 








Lf 














i 5 < S M 



8 2 2 t ' 



nnnnnnnnnnn 

K S A X 7 ( Ai. AX 11 11 Aft 



AD7I 

A06I 
AD5di: 
A04C 1 
AD3C 1 
AD2C 1 
A01 CJ16 
ADO I 



IB 19 20 21 22 23 24 25 26 27 28 

uuuuuuuuuuu 



MIN {MAX} 



39 3 NC 
38 3 A19/S6 
37 3 SSO 
36 3 MN/MX 
35 1 RO 
34 3 HOLD 
33 3 HLDA 
32 3 WR 
31 310/M 



(RQ/GTO) 
(RQ/Gfl) 
(LOCK) 



240075-1 

Figure 1.80C88AL CPU 
Functional Block Diagram 
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Figure 2b. 80C88AL 44-Lead 
PLCC Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for 80C88AL systems in either minimum or maximum mode. The 
"local bus" in these descriptions is the direct multiplexed bus interface connection to the 80C88AL (without 
regard to additional bus buffers). 



Symbol 


P-DIP Config. 
Pin No. 


Type 


Name and Function 


AD7-AD0 


9-16 


I/O 


ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/IO address (T1 ) and data (T2, T3, f w, and 
T4) bus. These lines are active HIGH and float to 3-state OFFO) 
during interrupt acknowledge and local bus "hold acknowledge". 


A15-A8 


2-8,39 





ADDRESS BUS: These lines provide address bits 8 through 15 
for the entire bus cycle (T1 -T4). These lines do not have to be 
latched by ALE to remain valid. A1 5?r A8 are active HIGH and 
float to 3-state OFFO) during interrupt acknowledge and local bus 
"hold acknowledge". 


A19/S6.A18/S5, 
A17/S4.A16/S3 


35-38 





ADDRESS/STATUS: During T1 , these are the four most 
significant address lines for memory operations. During I/O 
operations, these lines are LOW. During memory and I/O 
operations, status information is available on these lines during 
T2, T3, Tw, and T4. S6 is always low. The status of the interrupt 
enable flag bit (S5) is updated at the beginning of each clock 
cycle. S4 and S3 are encoded as shown. 

This information indicates which segment register is presently 
being used for data accessing. 

These lines float to 3-state OFFO) during local bus "hold 
acknowledge". 


34 


S3 


CHARACTERISTICS 


O(LOW) 



1(HIGH) 

1 

S6 is O(LOW) 



1 


1 


Alternate Data 

Stack 

Code or None 

Data 


RD 


32 





READ: Read strobe indicates that the processor is performing a 
memory or I/O read cycle, depending on the state of the 10/ M 
pin or S2. This signal is used to read devices which reside on the 
80C88AL local bus. RD is active LOW during T2, T3 and Tw of 
any read cycle, and is guaranteed to remain HIGH in T2 until the 
80CS8AL local bus has floated. 

This signal floats to 3-state OFFO) in "hold acknowledge". 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The RDY signal 
from memory or I/O is synchronized by the 82C84A clock 
generator to form READY. This signal is active HIQH. The 
80G88AL READY input is not synchronized. Correct operation is 
not guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 



Symbol 


P-DIPConflg. 
Pin No. 


Type 


Name and Function 


INTR 


18 


I 


INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This signal is active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "wait for test" instruction. If the 
TEST input is LOW, execution continues, otherwise the processor 
waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 


NMI 


17 


I 


NON-MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the instruction set 
description, when RESET returns LOW. RESET is internally 
synchronized. 


CLK 


19 


I 


CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 


Vcc 


40 




Vcc : ' s tne + 5V ± 1 0% power supply pin. 


GND 


1,20 




GND: are the ground pins. Both must be connected. 


MN/MX 


33 


i 


MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 



The following pin function descriptions are for the 80C88AL minimum mode (i.e., MN/MX - Vcc)- Only the 
pin functions which are unique to minimum mode are described; all other pin functions are as described above. 



IO/M 


28 





STATUS LINE: is an inverted maximum mode S2. It is used to 
distinguish a memory access from an I/O access. IO/M becomes 
valid in the T4 preceding a bus cycle and remains valid until the final 
T4 of the cycle (I/O = HIGH, M = LOW). IO/M floats to 3-state 
OFFO) in local bus "hold acknowledge". 


WR 


29 





WRITE: strobe indicates that the processor is performing a write 
memory or write I/O cycle, depending on the state of the IO/M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF0) in local bus "bold acknowledge". 


INTA 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1 .Pin Description (Continued) 



Symbol 


P-DIP Config. 
Pin No. 


Type 


Name and Function 


ALE 


25 





ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock low of TT of any bus cycle. Note that ALE is never floated. 


DT/R 


2j 


6 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically, DT/R is 
equivalent to ST in the maximum mode, and its timing is the same 
as for IO/M (T = HIGH, R = LOW). This signal floats to 3-state 
0FF(1) in local "hold acknowledge". 


DEN 


26 





DATA ENABLE: Is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active 
LOW during each memory and I/O access, and for INTA cycles. For 
a read or INTA cycle, it is active from the middle of T2 until the 
middle of T4, while for a write cycle, it is active from the beginning 
of T2 until the middle of T4. DEN floats to 3-state OFF0) during 
local bus "hold acknowledge". 


HOLD, HLDA 


30,31 


i,0 


HOLD; indicates that another master is requesting a local bus 
"hold". To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as 
an acknowledgement, in the middle of a T4 or Ti clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor Sowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 


SSO 


34 





STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of SSO, IO/M and DT/R allows the system to 
completely decode the current bus cycle status. 


IO/M 


DT/R 


SSO 


CHARACTERISTICS 


1(HIGH) 

1 

1 

1 

0(LOW) 










1 
1 



1" 
1 




1 



1 



1 



1 


Interrupt Acknowledge 
Read I/O port 
Write I/O port 
Halt 

Code access 
Read memory 
Write memory 
Passive 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 80C88AL/82C88 system in maximum mode (i.e., 
MN/MX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. 



Symbol 


P-DIP Config. 
Pin No. 


Type 


Name and Function 


S2,ST,S0 


26-28 





STATUS: is active during clock high of T4, T1 , and T2, and is 
returned to the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller to 
generate all memory and I/O access control signals. Any change by 
S2, S1 , or SO during T4 is used to indicate the beginning of a bus 
cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These signals float to 3-state OFF0) during "hold acknowledge". 
During the first clock cycle after RESET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 


§2 


ST 


so 


CHARACTERISTICS 


0(LOW) 







1(HIGH) 

1 

1 

1 





1 
1 




1 
1 




1 



1 



1 



1 


Interrupt Acknowledge 
Read I/O port 
Write I/O port 
Halt 

Code access 
Read memory 
Write memory 
Passive 


RQ/GTO, 

rq/gtt 


30,31 


I/O 


REQUEST/GRANT: pins are used by other local bus masters to 
force the processor to release the local bus at the end of the 
processor's current bus cycle. Each pin is bidirectional with RQ/ 
GTO having higher priority than RQ/GTT. RQ/GT has an internal 
pull-up resistor, so may be left unconnected. The request/grant 
sequence is as follows (see timing diagram): 

1 . A pulse of one CLK wide from another local bus master indicates 
a local bus request ("hold") to the 80C88AL (pulse 1 ). 

2. During a T4 or T1 clock cycle, a pulse one clock wide from the 
80C88AL to the requesting master (pulse 2), indicates that the 
80C88AL has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next CLK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to 
the 80C88AL (pulse 3) that the "hold" request is about to end and 
that the 80C88AL can reclaim the local bus at the next CLK. The 
CPU then enters T4. 
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Table 1. Pin Description (Continued) 



Symbol 


P-DIPConfig. 
Pin No. 


Type 


Name and Function 


RQ/GTO, 
RQ/GT1 


30,31 


I/O 


Each master-master exchange of the local bus is st sequence of 
three pulses. There must be one idle CLK cycle after each bus 
exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T4 of the cycle when all the 
following conditions are met: 

1 . Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible 
events will follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. 


LOCK 


29 









LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is 
active LOW, and floats to 3-state OFFO) in "hold acknowledge". 


QS1.QS0 


24, 25 





QUEUE STATUS: provide status to allow external tracking of the 
internal 80C88AL instruction queue. 

The queue status is valid during the CLK cycle after which the 
queue operation is performed. 


QS1 


QSO 


CHARACTERISTICS 


0(LOW) 


1(HIGH) 
1 



1 


1 


No operation 

First byte of opcode from queue 
Empty the queue 
Subsequent byte from queue 


— 


34 





Pin 34 is always high in the maximum mode. 



NOTE: 

1 . See the section on Bus Hold Circuitry. 
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FUNCTIONAL DESCRIPTION 



STATIC OPERATION 

All 80C88AL circuitry is of static design. Internal reg- 
isters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C88AL can operate from DC to the appropriate 
upper frequency limit. The processor clock may be 
stopped in either state (high/low) and held there in- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C88AL can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88AL pow- 
er dissipation is directly related to operating frequen- 
cy. As the system frequency is reduced, so is the 
operating power until ultimately, at a DC input fre- 
quency, the 80C88AL power requirement is the 
standby current. 



7 

J 1 



SEGMENT 
REGISTER FILE 



*~~~~^ I BYTE 

i 1 ' fl 



CODE SEGMENT 
XXXXOH 

STACK SEGMENT 
DATA SEGMENT 

EXTRA DATA SEGMENT 

OOOOH 

240075-4 



MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as 00000(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3.) 

All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFF0H through FFFFFH are reserved for 
operations including a jump to the initial system 







FFFFFH 
FFFF0H 

3FFH 
3F0H 

7H 

4H 
3H 

OH 
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RESET BOOTSTRAP 
PROGRAM JUMP 


• 

• 


INTERRUPT POINTER 
FOR TYPE 255 


• 
• 

• 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 





Figure 3. Memory Organization 



Figure 4. Reserved Memory Locations 
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Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA(DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 



initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the jump must be located. Locations 00000H 
through 003FFH are reserved for interrupt opera- 
tions. Four-byte pointers consisting of a 16-bit seg- 
ment address and a 16-bit offset address direct pro- 
gram flow to one of the 256 possible interrupt serv- 
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re- 
served memory prior to the occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi- 
mum 80C88AL systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequently, the 80C88AL is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88AL defines pins 24 through 31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vcc» the 80C88AL generates bus control signals 
itself on pins 24 through 31 and 34. 

The minimum mode 80C88AL can be used with ei- 
ther a multiplexed or demultiplexed bus. The multi- 
plexed bus configuration is compatible with the 



MCS®-85 multiplexed bus peripherals (8155, 8156, 
8355, 8755A, and 8185). This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 
80C88AL processing power in a highly integrated 
form. 

The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffering is requ ired. 
(See_ Figure 6.) The 80C88AL provides DEN and 
DT/R to control the transceiver, and ALE to latch 
the addresses. This configuration of the minimum 
mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus 
timing requirements. 

The maximum mode employs the 82C88 bus con- 
trollerJSee Figure_7.) The 82C88 decodes status 
lines SO, S1, and S2, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa- 
bility to the control lines, and frees the 80C88AL 
pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C88AL in maximum mode. 
These features allow co-processors in local bus and 
remote bus configurations. 



2-158 



intef 



80C88AL 



J±L 



X, X. 

CLK 



82C84A 
RES 




QNO 



A,-A 19 
AD -AD 



t 



RDY 

MN/MX 

ALE 

RES RD 

WR 

IO/M 



} 



=> 



* 



* 



iJL 

orio-r 



-*. WR i t 

_ PORT 

-+ RD 8155 B 



ALE 



PORT 

-A DATA/ C 
— J A nno 



I ISM I HI 
ADDR 



IN 

-► IO/M TIMER 
OUT 
RESET 






ioW 

RD 

ALE PORT 
CE A 

A 8 -10 
8355/8755A 



IO/M P0RT 
RESET B 



TTTT 



V SS VccV DD PROG 



WR 
RD 

CE. 

818! 
ALE 

CS, CE 2 

A 8 , A 9 
ADo. 7 



FT 



Figure 5. Multiplexed Bus Configuration 
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Figure 6. Demultiplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 80C88AL address/data bus is broken into three 
parts— the lower eight address/data bits (AD0-AD7), 
the middle eight address bits (A8-A15), and the up- 
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi- 
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad- 
dress bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad- 
dress latch if a standard, non-multiplexed bus is de- 
sired for the system. 



Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T1 , T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C88AL driven bus cycles. 
These are referred to as "idle" states (Ti), or inac- 
tive CLK cycles. The processor uses these cycles 
for internal housekeeping. 
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Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched, 

Status bits SO, ST, and S2 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 



s 2 


Si 


So 


CHARACTERISTICS 


O(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





i 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 



s 4 


s 3 


CHARACTERISTICS 


O(LOW) 



1 (HIGH) 

1 




1 



1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. S6 
is equal to 0. 



I/O ADDRESSING 

In the 80C88AL, I/O operations can address up to a 
maximum of 64k I/O registers, The I/O address ap- 
pears in the same format as the memory address on 
bus lines A15-A0. The address lines A19-A16 are 
zero in I/O operations. The variable I/O instructions, 
which use register DX as a pointer, have full address 



capability, while the direct I/O instructions directly 
address one or two of the 256 I/O byte locations in 
page of the I/O address space. I/O ports are ad*- 
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 80C88AL uses a full 16-bit ad- 
dress on its lower 16 address lines. 



EXTERNAL INTERFACE 



PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C88AL RESET is required to be HIGH for four or 
more clock cycles. The 80C88AL will terminate op- 
erations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. Af- 
ter this interval the 80C88AL operates normally, be- 
ginning with the instruction in absolute location 
FFFFOH. (See Figure 4.) The RESET input is inter- 
nally synchronized to the processor clock. At initiali- 
zation, the HIGH to LOW transition of RESET must 
occur no sooner than 50 jus after power up, to allow 
complete initialization of the 80C88AL. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF0) during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state 0FF(1). ALE and HLDA are driven low. 

NOTE: 

1. See the section on Bus Hold Circuitry. 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C88AL pins 2-16, 26-32, and 
34-39 (Figure 9a, 9b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, ah external driver must be 
capable of supplying 350 juA minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply 



current is negligible and power dissipation is signifi- 
cantly reduced when compared to the use of pas- 
sive pull-up resistors. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 



"Pull-Up/Pull-Down" 
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Figure 9a. Bus hold circuitry pin 2-16, 35-39 for P-DIP package. 
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Figure 9b. Bus hold circuitry pin 26-32, 34 for P-DIP package. 
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Interrupts result In a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type." An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 



be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses, 

MASKABLE INTERRUPT (INTR) 

The 80C88AL provides a Single interrupt request in- 
put (INTR) which can be masked internally by soft- 
ware with the resetting of the interrupt enable (IF) 
flag bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole rnove for a block 
type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt, or single step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored, the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88AL emits 
the LOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
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Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 



HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem to Jatch the halt status . Halt status is available 
on 10/ M, DT/R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, 
Si , and SO, and the 82C88 bus controller issues one 
ALE. The 80C88AL will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET will force the 80C88AL out of the HALT 
state. 



READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/ modify/write opera- 
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycl e of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 



EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the 80C88 AL pro - 
vides a single software-testable input pin (TEST). 
This input is utilized by executing a WAIT instruction. 
The sing le WA IT instruction is repeatedly executed 
until the TEST input goes active (LOW). The execu- 
tion of WAIT does not consume bus cycles once the 
queue is full. 



If a local bus request occurs during WAIT execution, 
the 80C88AL 3-states all output drivers. If interrupts 
are enabled, the 80C88AL will recognize interrupts 
and process them. The WAIT instruction is then re- 
fetched, and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus control signals. 



System Timing — Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the address/ 
data bus (AD0-AD7) at this time, into a latch. Ad- 
dress lines A8 through A15 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the 10/ M signal indicates a 
memory or I/O operation. At T2 the address is re- 
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad- 
dressed device will again 3-state its bus drivers. If a 
transceiver is required t o buff er the 80C88AL local 
bus, signals DT/R and DEN are provided by the 
80C88AL 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The 10/ M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated, 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. 82C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 

BUS TIMING — MEDIUM COMPLEXITY 
SYSTEMS 

(See Figure 11.) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater th an the 80C88AL is capable of 
handling. Signals ALE, DEN, and DT/R are generat- 
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The 80C88AL status outputs (S2, S1, and 
50) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the usua l T and OE inputs from the 
82C88's DT/R and DEN outputs. 

The pointer into the interru pt vec tor table, which is 
passed during the second INTA cycle, can derive 
from an 82G59A located on either the local bus or 
the system bus. If the master 82C59A priority inter- 
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 



THE 80C88AL COMPARED TO THE 80C86AL 

The 80C88AL CPU is an 8-bit processor designed 
around the 80C86AL internal structure. Most internal 
functions of the 80C88AL are identical to the equiva- 



lent 80C86AL functions. The 80C88AL handles the 
external bus the same way the 80C86AL does with 
the distinction of handling only 8 bits at a time. Six- 
teen-bit operands are fetched or written in two con- 
secutive bus cycles. Both processors will appear 
identical to the software engineer,, with the excep- 
tion of execution time. The internal register structure 
is identical and all instructions have the same end 
result. The differences between the 80C88AL and 
80C86AL are outlined below. The engineer who is 
unfamiliar with the 80C86AL is referred to the 
iAPX 86, 88 User's Manual, Chapters 2 and 4, for 
function description and instruction set information. 
Internally, there are three differences between the 
80C88AL and the 80C86AL. All changes are related 
to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80C88AL, 
whereas the 80C86AL queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 

• To further optimize the queue, the prefetching al- 
gorithm was changed. The 80C88AL BIU will 
fetch a new instruction to load into the queue 
each time there is a 1 byte hole (space available) 
in the queue. The 80C86AL waits until a 2-byte 
space is available. 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 1 v 6-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
spe^ed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88AL are being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution unit will allow. 

The 80C88AL and 80C86AL are completely soft- 
ware compatible by virture of their identical execu- 
tion units. Software that is system dependent may 
not be completely transferable, but software that is 
not system dependent will operate equally as well 
on an 80C88AL or an 80C86AL 

The hardware interface of the 80C88AL contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 

• A8-A15 -—These pins are only address outputs 
on the 80C88AL These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
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• BHE has no meaning on the 80C88AL and has 
been eliminated. 

• SSO provides the SO status information in the 
minimum mode. This output occurs on pin 3 4 in 
minimum mode only. DT/R, IO/M, and SSO pro- 
vide the complete bus status in minimum mode. 



• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the mini- 
mum mode when entering HALT, to allow the 
status to be latched with ALE. 
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Figure 1 1. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) ..'. . . ... . . . , . -0.5 to 8.0V 

Input Voltage Applied 
(w.r.t. ground) -2.0 to Vqc + 0.5V 

Output Voltage Applied 

(w.r.t. ground) -0.5 to V e c + 0.5V 

Power Dissipation 1 .0W 

Storage Temperature -65°C to + 150°C 

Ambient Temperature Under Bias . . . .0°C to + 70°C 



Case Temperature (Plastic) . .... . . . . ... .0°C to 80°C 

Case Temperature (PLCC) . . .0°C to 85°C 

* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a: stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = 0°C to 70°C, T C ase (Plastic) = 0°C to 80°C, T c ase (PLCC) = 0°C to 

85°C, V C c = 5V ± 1 0% for 80C88AL, V C c = 5V ± 5% for 80C88AL-2 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage 




+ 0.8 


V 


(Note 4) 


V| H 


Input High Voltage 
(All inputs except 
clock and MN/MX) 


2.0 




V 


(Note 5) 


V C H 


Clock and MN/MX Input 
High Voltage 


Vcc-0.8 




'• v ■.,.."■ 




Vol 


Output Low Voltage 




0.4 


v 


Iql = 2.5 mA 


Voh 


Output High Voltage 


3.0 
Vcc-0.4 




V 


l H= -2.5 mA 
lOH = -100 juA 


Ice 


Power Supply Current 




10mA/MHz 


V| L = GND,V|h = Vcc 


ices 


Standby Supply Current 




750 


jutA 


Vin = Vcc or GND 
Outputs Unloaded 
CLK = GND or V C c 


Ili 


Input Leakage Current 




±1.0 


jixA 


OV^Vin^Vcc 


•bhl 


Input Leakage Current 
(Bus Hold Low) 


50 


300 


julA 


V| N = 0.8V 


'bhh 


Input Leakage Current 
(Bus Hold High) 


-50 


-300 


jLiA 


V| N = 3.0V 


Ibhlo 


Bus Hold Low Overdrive 




400 


JLtA 


(Note 2) 


'bhho 


Bus Hold High Overdrive 




-400 


JLtA 


(Note 3) 


Ilo 


Output Leakage Current 




±10 


juiA 


V ut = GND or V C c 


C|N ' 


Capacitance of Input Buffer 
(All inputs except 
AD -AD 7i RQ/GT) 




5 


PF 


(Notel) 


Cio 


Capacitance of I/O Buffer 
(AD -AD 7 , RQ/GT) 




20 


PF 


(Notel) 


GOUT 


Output Capacitance 




15 


PF 


(Notel) 



NOTES: 

1 . Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND 

c) V| N at +5.0VorGND. 

2. An external driver must source at least Ibhlo t0 switch this node from LOW to HIGH. 

3. An external driver must sink at leastjBHHO to switch this node from HIGH to LOW. 

4. Vil for all input pins (except MN/MX pin) tested with MN/MX pin = GND. 

5. V| H tested with MN/MX pin = V C c- 
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A.C. CHARACTERISTICS T A = 0°C to 70°C, T C ase (Plastic) = 0°C to 80°C, T C ase (PLCC) = 0°C to 

85°C, V C c = 5V ± 1 0% for 80C88AL, Vqc = 5V ± 5% for 80C88AL-2 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 







80C88AL 


80C88AL-2 






Symbol 


Parameter 


Min 


Max 


Min 


Max 


Units 


Test 
Conditions 


TCLCL 


CLK Cycle Period 


200 


D.C. 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V 
to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V 
to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 82C84A 
(Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time 
into82C84A 
(Notes 1,2) 












ns 


TRYHCH 


READY Setup 
Time into 80C88AL 


118 




68 




ns 


TCHRYX 


READY Hold Time 
into 80C88AL 


30 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (Note 3) 


-8 




-8 




ns 


THVCH 


HOLD Setup Time 


35 




20 




ns 


TINVCH 




30 




15 




ns 


INTR, NMI, TEST 
Setup Time 
(Note 2) 


TILIH 


Input Rise Time 
(Except CLK) (Note 4) 




15 




15 


ns 


From 0.8V 
to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) (Note 4) 




15 




15 


ns 


From 2.0V 
to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 














80C88AL 


80C88AL-2 




Symbol 


Parameter 


Min 


Max 


Min 


Max 


Units 


Test 
Conditions 


TCLAV 


Address Valid Delay 


10 


70 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




50 


ns 


TCHLL 


ALE Inactive Delay 




85 




55 


ns 


TLLAX 


Address Hold Time to 
ALE Inactive 


TCHCL-25 




TCHCL-25 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


10 


70 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


10 


60 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


10 


70 


ns 


TAZRL 


Address Float to READ 
Active 












ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


100 


ns 


TRLRH 


RDWidth 


2TCLCL-75 




2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




TCLCH-40 




ns 


TOLOH 


Output Rise Time (Note 4) 




15 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time (Note 4) 




15 




15 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 

4. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



Input/Output 

V| H + 0.4V 



V|L - 0.4V 

240075-12 
A.C. Testing inputs are driven at Vih + 0.4V for a logic "1" and 
V|l - 0.4V for a logic "0". The clock is driven at Vqh + 0.4V and 
Vql - 0.4V. Timing measurements are made at 1 .5V. 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



C|_ Includes Jig Capacitance 



WAVEFORMS 

BUS TIMING — MINIMUM MODE SYSTEM 



CLK(MCMA Output) 



ROY (82C84A Input) 

SEE NOTE 1 



READY (80C88AL Input) { 



READ CYCLE 

(NOTE 1) 

(WR,IRTA-Voh» 



AD7-AD0 



— TCLCL »TCH1CH2-*| U- — | U- TCL2CL1 / 

Vet ' 



x 



1 



X 



Ai»-Ai« 



\ 



I 



— TCLCH — 



Ai$ - Ag (Float during INTA) 



)C 



ic: 



\ 



%-% 



— -TCLR1X 



c 

J- 



< 



TCHCTV TCIRL 




X 



/ 

/ 
_/ „ 



IC 
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WAVEFORMS (Continued) 

8US TIMING — MINIMUM MODE SYSTEM (Continued) 



CLK(82C84A Output) 



AD7-AD0 



WRITE CYCLE 
N0TE1 



INTA CYCLE 

NOTES 1,3 

(SB,WR = Voh) 



AD7-AD0 



SOFTWARE HALT - 

DlTi.RB.WR.iFifA = voh ad 7 -ad 

DT/ff INDETERMINATE 




SOFTWARE HALT 



NOTES: 

1 . All output timing measurements are made at 1 .5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA Cycles run back-to-back. The 80C88AL local ADDR/Data bus is floating during both INTA Cycles. Control 
signals are shown for the second INTA cycle. 

4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


80C88AL 


80C88AL-2 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


D.C. 


125 


D.C. 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




20 




ns 




TCLDX 


Data In Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time into 82C84 
(See Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time into 82C84 
(See Notes 1 , 2) 












ns 


TRYHCH 


READY Setup Time into 
80C88AL 


118 




68 




ns 


TCHRYX 


READY Hold Time into 80C88AL 


30 




20 




ns 


TRYLCL 


READY Inactive to CLK (See 
Note 4) 


-8 




-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) 
(See Note 2) 


30 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




ns 


TCHGX 


RQ Hold Time into 80C88AL 


40 




30 




ns 


TILIH 


Input Rise Time 
(Except CLK) (Note 5) 




15 




15 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 
(Note 5) 




15 




15 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 














80C88AL 


80C88AL-2 




Symbol 


Parameter 


Min 


Max 


Min 


Max 


Units 


Test Conditions 


TCLML 


Command Active Delay (Note 1 ) 


5 


45 


5 


35 


ns 




TCLMH 


Command Inactive Delay (Note 1) 


5 


45 


5 


35 


ns 


TRYHSH 


READY Active to Status Passive 
(Note 3) 




110 




65 


ns 


TCHSV 


Status Active Delay 


10 


100 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


70 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High (Note 1) 




35 




20 


ns 


TSVMCH 


Status Valid to MCE High (Note 1) 




35 




30 


ns 


TCLLH 


CLK Low to ALE Valid (Note 1) 




35 




20 


ns 


TCLMCH 


CLK Low to MCE High (Note 1) 




35 




25 


ns 


TCHLL 


ALE Inactive Delay (Note i) 


4 


35 


4 


25 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TCVNV 


Control Active Delay (Note 1 ) 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay (Note 1) 


5 


45 


10 


45 


ns 


TAZRL 


Address Float to Read Active 












ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 


TRHAV 


RD Inactive to Next Address 
Active 


TCLCL-45 K 




TCLCL-40 




ns 


TCHDTL 


Direction Control Active Delay 
(Notel) 




50 




50 


ns 


TCHDTH 


Direction Control Inactive Delay 
(Notel) 




35 




30 


ns 


TCLGL 


GT Active Delay 





85 





50 


ns 


TCLGH 


GT Inactive Delay 





85 





50 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time (Note 5) 




15 




15 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time (Note 5) 




15 




15 


ns 


From 2.0V to 
0.8V 



NOTES: 

1 . Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent 
specifications. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 state). 

5. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



Input/Output 

V| H + °.4V 



V| L - 0.4V 

240075-12 
A.C. Testing inputs are driven at Vih + 0.4V for a logic "1" and 
V||_ - 0.4V for a logic "0". The clock is driven at Vqh + 0.4V and 
Vcl _ 0.4V. Timing measurements are made at 1 .5V. 



DEVICE 
UNDER 
TEST 



I* 



1 



C|_ Includes Jig Capacitance 



WAVEFORMS 

BUS TIMING— MAXIMUM MODE 



TCLCL «-TCH1CH2-*j I— —►j k TCL2CL1 Tw 



55,5?.55 (EXCEPT HALT) 



V 



TSVLH-H 
TCLLH- 



ALE (82C88 OUTPUT) 



RDY(82C84 INPUT) 



READY (80C88AL INPUT) 

READ CYCLE TCLAV— 

AD 7 - ADo 



I 



/ 



X 



\ 



X 



IYLCL— 

1\ 



X 



MW 



X 



TCLAX 
TCLAZ 



> 



< 



82C88 OUTPUTS 
SEE NOTES S,« 



Y 



j- 



f 



-v 



TRYHCH 

-TDVCL- 



x: 



x 



X 



X 



A FLOAT \ 




240075-16 
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WAVEFORMS (Continued) 

BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88) 



S 2 , S,, S (EXCEPT HALT) 
WRITE CYCLE 

AD 7 -AD 



82C88 

OUTPUTS 

SEE 

NOTES 5,6 



OR AIOWC 



OR IOWC 



INTA CYCLE 



A -A 
(SEE NOTES3,4) 

AD 7 -AD ( 



82C88 OUTPUTS 
SEE NOTES 5,6 




SOFTWARE 

HALT — (DEN = V 0L ; RD, MRD C, tORC/MWTC, AMWC, IOWC, AIOWC , INTA,DT/R = V 0H . 
AD 7 -AD , A 15 -A 8 



TCLAV- 



£ 



INVALID ADDRESS 



■Sa.S^So 



s 



240075-17 



NOTES: 

1 . All output timing measurements are made at 1 .5V unless otherwise noted. 

2. RDY is sampled near the end of T2, T3, T w to determine if Tyv machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycles. 

4. Two INTA cycles run back-to-back. The 80C88AL local ADDR/Data bus is floating during both INTA cycles. Control 
for pointer address is shown for second INTA cycle. 

5. Signals at 82C84A or 82C88 are shown for reference only. 

6. The issuance of the 82C88 command and contro! signals (MRDC, MWTC, AMWC, IORC, lOWS, AIOWC, INTA and 
DEN) lags the active high 82C88 CEN. 

7. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 
ASYNCHRONOUS SIGNAL RECOGNITION 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



A 



-TINVCH (see note) 



240075-18 

NOTE: Setup requirements for asynchronous, signals 
only to guarantee recognition at next CLK. 



CLK 
tCLAV- 
LOCK 



ANY CLK CYCLE, ^_ANY CLK CYCLE ■ 

■l_/""\_/ r 

*_ _* i*_ TCLAV 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



CLK 
TCLGH 



ANY CLK 
CYCLE 



> 0-CLK CYCLE 



fiOTST 



\ TCHGx jr • — r 

"j TO ^ULSE 1 ^Sz 



k-TCL< 



•Oi_A. 



A, 5 -A 8 *- 
AD 7 -AD fl 



RD, 



COPROCESSOR 
RELEASE 






COPROCESSOR 



(see note) 



J — /80C8I 



NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



•\ 



» 1 CLK CYCLE- 



/ 



- 1 OR 2 CYCLES - 



*\ 



r 



v 



fc 



COPROCESSOR 
U 



)f-(H 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY 



Mnemonic and 
Description 



instruction Code 



DATA TRANSFER 
MOV = Move: 

Register/ Memory to/from Register 

Immediate to Register/ Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

Register/ Memory to Segment Register* 

Segment Register to Register/Memory 

PUSH = Push: 
Register/Memory 
Register 
Segment Register 

POP = Pop: 

Register/Memory 
Register 
Segment Register 

XCHG = Exchange: 
Register/ Memory with Register 
Register with Accumulator 
IN = Input from: 
Fixed Port 
Variable Port 
OUT = Output to: 
Fixed Port 
Variable Port 

XLAT - Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF "== Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 



76543210 


76543210 


76543210 


76543210 


| 100010dw 


mod reg r/m | 










| 1 1 0001 1 w 


mod r/m | 


data 


data if w 1 j 










I 1 1 1 w reg 


data | 


data if w1 












[ 10100Q0W 


add-low | 


addr-high 












| 101*0001 w 


addr-low j 


addr-high 












| 10001110 


mod reg r/m | 










| 10001100 


mod reg r/m | 










[ 11111111 


mod 1 1 r/m | 










| 0101 Oreg 








| 00 0reg1 1 








| 1 0001 11 1 


mod r/m | 










|~. 0101 1 reg 








| 000 reg 111 








| 1 00001 1w 


mod reg r/m | 










| 1 1 reg 








j 1 1 1 001 Ow 


port | 




| 1 1 1 01 1 Ow 










| 1 1 1 1 1 w 


port | 










| 1 1 1 1 1 1 w 








| 11010111 




| 1 0001 1 01 


mod reg r/m | 










| 11000101 


mod reg r/m j 










| 1 1 0001 00 


mod reg r/m j 




| 10011111 










| 10011110 




| 10011100 




| 10011101 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY 


(Continued) 






Mnemonic and 
Description 




Instruction Code 






ARITHMETIC 
ADD = Add: 

R^g. /Memory with Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 
ADC = Add with Carry: 
Reg./Memory with Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 

INC = Increment: 

Register/Memory 
Register 

AAA = ASCII Adjust for Add 
DAA = Decimal Adjust for Add 
SUB = Subtract: 

Reg./Memory and Register to Either 
Immediate from Register/ Memory 
Immediate from Accumulator 
SBB = Subtract with Borrow 
Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 

Register/ Memory 

Register 

NEG = Change Sign 

CMP = Compare: 

Register/ Memory and Register 
Immediate with Register/Memory 
Immediate with Accumulator 
A AS = ASCII Adjust for Subtract 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (Unsigned) 
IMUL = Integer Multiply (Signed) 
AAM = ASCII Adjust for Multiply 
DIV = Divide (Unsigned) 
IDIV = Integer Divide (Signed) 
AAD = ASCII Adjust for Divide 
CBW = Convert Byte to Word 
CWD = Convert Word to Double Word 


7 6 5 4 3 210 


76543210 


76543210 


7 6 5 4 3 2 10 


OOOOOOdw 


mod reg r/m 


3 


1 OOOOOsw 


mod r/m 


| data 


| data if s:w = 


= 01 I- 








1 




0000010W 


data 


J data if w = 1 








00010'Odw 


mod reg r/m 


3 


1 OOOOOsw 


mod 1 r/m 


| data 


| data if s:w = 


= 01 | 


0001010W 


data 


| data if w = 1 


1 










1 1 1 1 1 1 1 w 


mod r/m 


3 


1 reg 






00110111 




001001 1 1 




00101 Odw 


mod reg r/m 










1 OOOOOsw 


mod 1 1 r/m 


I data 


| data if s:w = 


= 01 | 








1 


' 


001 01 1 Ow 


data 


I data if w = 1 








0001 1 Odw 


mod reg r/m 




1 OOOOOsw 


mod 1 1 r/m 


I data 


1 data if s:w = 


= 01 | 


0001 1 1 Ow 


data 


I data if w = 1 


1 










1 1 1 1 1 11 w 


mod 1 r/m 




010 1 reg 








1 1 1 1 01 1 w 


mod 1 1 r/m 










00111 Odw 


mod reg r/m 




1 OOOOOsw 


mod 1 1 1 r/m 


I data 


| data if s:w = 


= 01 | 


001 1 1 1 Ow 


data 


I data if w = 1 


1 




111111 






00101111 


1 1 1 1 01 1 w 


mod 1 r/m 




1 1 1 1 01 1 w 


mod 1 1 r/m 




11010100 


00001 01 




1 1 1 101 1 w 


mod 1 1 r/m 










1 11 1 01 1 w 


mod 1 1 1 r/m 




1101010 1 


01010 




100 11000 






1001 1001 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY 


(Continued) 




Mnemonic and 
Description 




Instruction Code 




LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 
TEST = And Function to Flags, No Result: 

Register/Memory and Register 
Immediate Data and Register/Memory 
Immediate Data and Accumulator 

OR = Or: 

Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 
XOR = Exclusive or: 
Reg./Memory and Register to Either 
Immediate to Register/ Memory 
Immediate to Accumulator 

STRING MANIPULATION 

REP = Repeat 
MOVS - Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LODS » Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 
Direct Within Segment 
Indirect Within Segment 
Direct intersegment 

Indirect Intersegment 


765432 10 


7654 32 10 


76543210 


765432 10 


1 1 1 101 1 w 


mod 1 r/m 


3 








1 1 .0.1 vw 


mod 1 r/m 


3 


1 1 1 v w 


mod 1 1 r/m 


3 


1 10100vw 


mod 1 1 1 r/m 


3 


1101 OOvw 


mod r/m 


3 


1 1 0100vw 


mod 1 r/m 


3 


1 10100vw 


mod010r/m 


3 








1 1 1 v w 


modO 1 Tr/m 


3 








001 OOOdw 


mod reg r/m 


3 


1 OOOOOOw 


mod 1 r/m 


| data 


data if w = 1 | 


001 0010w 


data 


| data if w = 1 


, 








1 000010w 


mod reg r/m 


3 








1 1 1 101 1 w 


mod r/m 


| data 


data if w = 1 J 


10101 00 w 


data 


| data if w = 1 


- 








00 001 Odw 


mod reg r/m 


3 








1 OOOOOOw 


mod 001 r/m 


| data 


data if w = 1 | 


00001 1 Ow 


data 


| data if w = 1 


.• 








001 1 dw 


mod reg r/m 


3 








1000000w 


mod 1 1 r/m 


| data 


data if w = 1 | 








I ., ■ 
I ■ 


1 1 1 w 


data 


] data if w = 1 








1 1 1 1 1 z 




101 001 Ow 




101001 1 w 




1 1 1 1 1 w 




101 01 10w 




101 0101 w 




111010 0, 


disp-low 


I disp-high 


11111111 


mod 01 Or/m 


3 








10011010 


offset-low 


| offset-high 








seg-low 


| seg-high 






11111111 


mod 1 1 r/m 


3 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 



Mnemonic and 
Description 



Instruction Code 



JMP = Unconditional Jump: 

Direct Within Segment 
Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/Not Greater 

or Equal 
JLE/JNG = Jump on Less or Equal/ 

Not Greater 
JB/JNAE = Jump on Below/Not Above 

or Equal 
JBE/JNA = Jump on Below or Equal/ 

Not Above 
JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/ Not Zero 

JNL/JGE = Jump on Not Less/Greater 

or Equal 
JNLE/JG = Jump on Not Less or Equal/ 

Greater 
JNB/JAE = Jump on Not Below/Above 

or Equal 
JNBE/JA = Jump on Not Below or 

Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 

Zero/Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 



76543210 


76543210 


76543210 


| 11101001 


disp-low 


disp-high | 








f 11101011 


disp 










I 11111111 


mod 1 r/m 










| 11101010 


offset-low 


offset-high | 




seg-low 


seg-high | 








I 11111111 


mod 1 1 r/m 










r 1 1 00001 1 








| 1 1 00001 


data-low 


data-high | 








| 11001011 








| 1 100101 


data-low 


data-high | 








| 01110100 


disp 




| 01 1 1 1 100 


disp 










| 01.1.1 1110 


disp 




' 






| 01 1 1001 


disp 










j 01110110 


disp 










| 01111010 


disp 










| 0111 0000 


disp 










[ 011110 


disp 










| 01110101 


disp 










| 01111101 


disp 










| 01111111 


disp 










|' 01 1 1001 1 


disp 










| 01110111 


disp 










| 01111011 


disp 










| 011100 01 


disp 










| 011 1 1001 


disp 




| 11100010 


disp 










| 1 1 100001 


disp 










| 111 00000 


disp 










| 111 0001 1 


disp 










| 110 01101 


type 










| 11001100 








| 110 01110 








| 1 1001 111 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 



Mnemonic and 1 . efri ,_..,.„ nnrta 
Description | Instruction Code 


76543210 76543210 
PROCESSOR CONTROL 


CLC = Clear Carry | 11111000 | 




CMC = Complement Carry | 11110 101 | 




STC = Set Carry | 11111001 | 




CLD = Clear Direction | 1 1 1 1 il | 




STD = Set Direction | 11111101 | 


CLI = Clear Interrupt | 11111010 | 




STI = Set Interrupt | 1 1 1 1 1 1 1 | 




HLT = Halt r 11110100 | 




WAIT = Wait | 10 0110 11,| 




ESC = Escape (to External Device) | 110 11 xxx . | mod x x x r/m | 




LOCK = Bus Lock Prefix | 1111000 | 



NOTES: 

AL = 8-bit accumulator 
AX = 16-bit accumulator 

CX = Count register v 

DS = Data segment 
ES = E;xtra segment 
Above/below refers to unsigned value. 
Greater = more positive; 

Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = then "from" reg 
if w = 1 then word instruction; if w = then byte instruc- 
tion 
if mod = 1 1 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are 

absent 
if mod - 01 then DISP = disp-low sign-extended to 

16 bits, disp-high is absent 
if mod = 1 then DISP - disp-high: disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m - 001 then EA - (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) +' DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA - (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m = 1 10 then EA = disp- 
high: disp-low. 
**MOV CS, REG/MEMORY not allowed. 



if s:w - 01 then 16 bits of immediate data form the oper- 
and. 

if s:w = 11 then an immediate data byte is sign extended 
to form the 1 6-bit operand. 

if v = then "count" = 1; if v = 1 then "count" in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 



00 1 regl 10 



REG is assigned according to the following table: 


16-Bit (w = 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 PI 


111 BH 





Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics © Intel, 1978 



DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -001 data sheet. Please review this summa- 
ry carefully. 

1. In the Pin Description Table (Table 1), the description of the HLDA signal being issued has been corrected. 
HLDA will be issued in the middle of either T4 or Ti state. 
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8087 

NUMERIC DATA COPROCESSOR 

8087/8087-2/8087-1 



High Performance Numeric Data 
Coprocessor 

Adds Arithmetic, Trigonometric, 
Exponential, and Logarithmic 
Instructions to the Standard 8086/8088 
and 80186/80188 Instruction Set for All 
Data Types 

CPU/8087 Supports 7 Data Types: 16-, 
32-, 64-Bit Integers, 32-, 64-, 80-Bit 
Floating Point, and 18-Digit BCD 
Operands 

Compatible with IEEE Floating Point 
Standard 754 



Available in 5 MHz (8087), 8 MHz (8087- 
2) and 10 MHz (8087-1): 8 MHz 80186/ 
80188 System Operation Supported 
with the 8087-1 

Adds 8 x 80-Bit Individually 
Addressable Register Stack to the 
8086/8088 and 80186/80183 
Architecture 

7 Built-in Exception Handling Functions 

MULTIBUS® System Compatible 
Interface 



The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance 
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS III), housed in a 40-pin package. Sixty-eight numeric 
processing instructions are added to the 8086/8088, 80186/80188 instruction sets and eight 80-bit registers 
are added to the register set. The 8087 is compatible with the IEEE Floating Point Standard 754. 



CONTROL UNIT 



NUMERIC EXECUTION UNIT 



CONTROL WORD 



NEU INSTRUCTION 



MICROCODE 

CONTROL 

UNIT 



L_ 



•L 



INTERFACE 



~1 



1 

Z PROGRAMMABLE / 
SHIFTER / 



REGISTER STACK 



Figure 1. 8087 Block Diagram 



J 



205835-1 



GNO E i 

(A14) AD14 C 2 

(A13) AD13 C 3 

(A12) AD12 C 4 

(A11) AD11 C s 

(A10) AD10 C • 

(A9) AD9 C 7 

(AS) AD8 C 8 

AD7 C 9 

AW C 10 

AD5 C " 

AD4 C 12 

AD3 C <3 

AD2 C i« 

AD1 C 15 

ADO C 16 

NC C 17 

NC C 1* 

CLK C 1 9 

GNO C 20 



3 V CC 

39 "J AD15 

38 3 A10/S3 

37 J A17IB4 

36 13 A18/S5 

3s "J A19/S6 

3* 3 1HE/S7 

33 D RQ/GT1 

32 ^ !!U-. 
31 3 RQ/GT0 

30 3 NC 

29 3 NC 
28 3 §2 

" 3 5i 
« 3 §5 ' 

25 H QS0 
24 3 QS1 

33 3 BUSY 
22 3 READY 
21 3 RESET 
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Table 1. 8087 Pin Description 



Symbol 


Type 


Name and Function 


AD15-AD0 


I/O. 


ADDRESS DATA: These lines constitute the time multiplexed memory address (Ti ) 
and data O2, T3, T\n, T4) bus. A0 is analogous to the BHE for the lower byte of the data 
bus, pins Q7-D0. It is LOW during T1 when a byte is to be transferred on the lower 
portion of the bus in memory operations. Eight-bit oriented devices tied to the lower half 
of the bus would normally use A0 to condition chip select functions. These lines are 
active HIGH. They are input/output lines for 8087-driven bus cycles and are inputs 
which the 8087 monitors when the CPU is in control of the bus. A1 5-A8 do not require 
an address latch in an 8088/8087 or 80188/8087. The 8087 will supply an address for 
the T1 -T4 period. 


A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 


I/O 


ADDRESS MEMORY: During T-| these are the four most significant address lines for 
memory operations. During memory operations, status information is available on these 
lines during T2, T3, Tw, and T4. For 8087-controlled bus cycles, S6, S4, and S3 are 
reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs 
which the 8087 monitors when the CPU is in control of the bus. 


BHE/S7 


I/O 


BUS HIGH ENABLE: During T-| the bus high enable signed (BHE) should be used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight-bit- 
oriented devices tied to the upper half of the bus would normally use BHE to condition 
chip select functions. BHE is LOW during T1 for read and write cycles when a byte is to 
be transferred on the high portion of the bus. The S7 status information is available 
during T2, T3, Tw. and T4. The signal is active LOW. S7 is an input which the 8087 
monitors during the CPU-controlled bus cycles. 


S2,ST,S0 


I/O 


STATUS: For 8087-driven, these status lines are encoded as follows: 

S2 SI SO 
0(LOW) X X Unused 
1 (HIGH) Unused 
1 1 Read Memory 
1 1 Write Memory 
1 11 Passive 

Status is driven active during T4, remains valid during T-| and T2, and is returned to the 
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is used 
by the 8288 Bus Controller (or the 82188 Integrated Bus Controller with an 80186/ 
801 .88 CPU) to generate all memory access control signals. Any change in S2, S1 , or 
SO during T4 is used to indicate the beginning of a bus cycle, and the return to the 
passive state in T3 or Tw is used to indicate the end of a bus cycle. These signals are 
monitored by the 8087 when the CPU is in control of the bus. 


RQ/GTO 


I/O 


REQUEST/GRANT: This request/grant pin is used by the 8087 to gain control of the 
local bus from the CPU for operand transfers or on behalf of another bus master. It 
must be connected to one of the two processor request/grant pins. The request/grant 
sequence on this pin is as follows: 

1 . A pulse one clock wide is passed to the CPU to indicate a local bus request by either 
the 8087 or the master connected to the 8087 RQ/GT1 pin. 

2. The 8087 waits for the grant pulse and when it is received will either initiate bus 
transfer activity in the clock cycle following the grant or pass the grant out on the 
RQ/GT1 pin in this clock if the initial request was for another bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the 
completion of the last 8087 bus cycle or on receipt of the release pulse from the bus 
master on RQ/GT1. 

For 801 86/801 88 systems the same sequence applies except RQ/GT signals are 
converted to appropriate HOLD, HLDA signals by the 82188 Integrated Bus Controller. 
This is to conform with 801 86/801 88's HOLD, HLDA bus exchange protocol. Refer to 
the 82188 data sheet for further information. 
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Table 1. 8087 Pin Description (Continued) 



Symbol 


Type 


Name and Function 


RQ/GT1 


I/O 


REQUEST/GRANT: This request/grant pin is used by another local bus master to 
force the 8087 to request the local bus. If the 8087 is not in control of the bus when the 
reguest is made the request/grant sequence is passed through the 8087 on the RQ/ 
GT0 pin one cycle later. Subsequent grant and release pulses are also passed through 
the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1 
has an internal pullup resistor, and so may be left unconnected. If the 8087 has control 
of the bus the request/grant sequence is as follows: 

1 . A pulse 1 CLK wide from another local bus master indicates a local bus request to 
the 8087 (pulse 1). 

2. During the 8087's next T 4 or Ti a pulse 1 CLK wide from the 8087 to the requesting 
master (pulse 2) indicates that the 8087 has allowed the local bus to float and that it 
will enter the "RQ/GT acknowledge" state at the next CLK. The 8087's control unit 
is disconnected logically from the local bus during "RQ/GT acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that 
the "RQ/GT" request is about to end and that the 8087 can reclaim the local bus at 
the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead CLK cycle after each bus exchange. Pulses are active LOW. 
For 80186/80188 system, the RQ/GT1 line may be connected to the 82188 Integrated 
Bus Controller. In this case, a third processor with a HOLD, HLDA bus exchange 
system may acquire the bus from the 8087. For this configuration, RQ/GT1 will only be 
used if the 8087 is the bus master. Refer to 821 88 data sheet for further information. 


QS1,QS0 


I 


QS1, QS0: QS1 and QS0 provide the 8087 with status to allow tracking of the CPU 
instruction queue. ' 

QS1 QS0 
0(LOW) No Operation 

1 First Byte of Op Code from Queue 

1 (HIGH) Empty the Queue 

1 1 Subsequent Byte from Queue 


INT 





INTERRUPT: This line is used to indicate that an unmasked exception has occurred 
during numeric instruction execution when 8087 interrupts are enabled. This signal is 
typically routed to an 8259A for 8086/8088 systems and to INTO for 801 86/801 88 
systems. INT is active HIGH. 


BUSY 


. 


BUSY: This signal indicates that the 8087 NEU is executing a numeric instruction. It is 
connected to the CPU's TEST pin to provide synchronization. In the case of an 
unmasked exception BUSY remains active until the exception is cleared. BUSY is 
active HIGH. 


READY 


I 


READY: READY is the acknowledgement from the addressed memory device that it 
will complete the data transfer. The RDY signal from memory is synchronized by the 
8284A Clock Generator to form READY for 8086 systems. For 80186/80188 systems, 
RDY is synchronized by the 821 88 Integrated Bus Controller to form READY. This 
signal is active HIGH. 


RESET 


I 


RESET: RESET causes the processor to immediately terminate its present activity. 
The signal must be active HIGH for at least four clock cycles. RESET is internally 
synchronized. " 


CLK 


I 


CLOCK: The clock provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


Vcc 




POWER: Vcc {s * ne + 5V power supply pin. 


GND 




GROUND: GND are the ground pins. 



NOTE: 

For the pin descriptions of the 8086, 6088, 80186 and 80188 CPUs, reference the respective data sheets (8086, 8088, 
80186,80188). 
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APPLICATION AREAS 

The 8087 provides functions meant specifically for 
high performance numeric processing requirements. 
Trigonometric, logarithmic, and exponential func- 
tions are built into the coprocessor hardware. These 
functions are essential in scientific, engineering, 
navigational, or military applications. 

The 8087 also has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 18 digits with- 
out roundoff errors. It can also perform arithmetic on 
integers as large as 64 bits ± 10 18 ). 



PROGRAMMING LANGUAGE 
SUPPORT 

Programs for the 8087 can be written in Intel's high- 
level languages for 8086/8088 and 80186/80188 
Systems; ASM-86 (the 8086, 8088 assembly lan- 
guage), PL/M-86, FORTRAN-86, and PASCAL-86. 



RELATED INFORMATION 

For 8086, 8088, 80186 or 80188 details, refer to the 
respective data sheets. For 80186 or 80188 sys- 
tems, also refer to the 82188 Integrated Bus Con- 
troller data sheet. 



FUNCTIONAL DESCRIPTION 

The 8087 Numeric Data Processor's architecture is 
designed for high performance numeric computing 
in conjunction with general purpose processing. 



The 8087 is a numeric processor extension that pro- 
vides arithmetic and logical instruction support for a 
variety of numeric data types. It also executes nu- 
merous built-in transcendental functions (e.g., tan- 
gent and log functions). The 8087 executes instruc- 
tions as a coprocessor to a maximum mode CPU. It 
effectively extends the register and instruction set of 
the system and adds several new data types as well. 
Figure 3 presents the registers of the CPU + 8087. 
Table 2 shows the range of data types supported by 
the 8087. The 8087 is treated as an extension to the 
CPU, providing register, data types, control, and in- 
struction capabilities at the hardware level. At the 
programmer's level the CPU and the 8087 are 
viewed as a single unified processor. 



System Configuration 

As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
Figure 5 shows the 80186/80188 system configura- 
tion. The CPU's status (S0-S2) and queue status 
lines "(QS.0-QS1) enable the 8087 to monitor and 
decode instructions in synchronization with the CPU 
and without any CPU overhead. For 80186/80188 
systems, the queue status signals of the 80186/ 
80188 are synchronized to 8087 requirements by 
the 8288 Integrated Bus Controller. Once started, 
the 8087 can process in parallel with, and indepen- 
dent of, the host CPU. For ^synchronization, the 
8087's BUSY signal informs the CPU that the 8087 
is executing an instruction and the CPU WAIT in- 
struction tests this signal to insure that the 8087 is 
ready to execute subsequent instructions. The 8087 
can interrupt the CPU when it detects an error or 
exception. The 8087's- interrupt request line is typi- 
cally routed to the CPU through an 8259A Program- 
mable Interrupt Controller for 8086, 8088 systems 
and INTO for 80186/80188. 
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Figure 3. CPU + 8087 Architecture 
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The 8087 uses one of the request/grant lines of the 
8086/8088 architecture (typically RQ/GTO) to ob- 
tain control of the local bus for data transfers. The 
other request/grant line is available for general sys- 
tem use (for instance by an I/O processor in LOCAL 
mode). A bus master can also be connected to the 
8087's RQ/GT1 line. In this configuration the 8087 
will pass the request/grant handshake signals be- 
tween the CPU and the attached master when the 
8087 is not in control of the bus and will relinquish 
the bus to the master directly when the 8087 is in 
control. In this way two additional masters can be 
configured in an 8086/8088 system; one will share 
the 8086/8088 bus with the 8087 on a first-come 
first-served basis, and the second will be guaranteed 
to be higher in priority than the 8087. 

For 80186/80188 systems, RQ/GTO and RQ/STl 
are connected to the corresponding inputs of the 
82188 Integrated Bus Controller. Because the 
80186/80188 has a HOLD, HLDA bus exchange 
protocol, an interface is needed which will translate 
RQ/GT signals to corresponding HOLD, HLDA sig- 
nals and vice versa. One of the functions of the 
82188 IBC is to provide this translation. RQ/GTO is 
translated to HOLD, HLDA signals which are then 
directly connected to the 80186/80188. The RQ/ 
GT1 line is also translated into HOLD, HLDA signals 
(referred to as SYSHOLD, SYSHLDA signals) by the 
82188 IBC. This allows a third processor (using a 
HOLD, HLDA bus exchange protocol) to gain control 
of the bus. 



Unlike an 8086/8087 system, RQ/GT is only used 
when the 8087 has bus control. If the third processor 
requests the bus when the current bus master is the 
80186/80188, the 82188 IBC will directly pass the 
request onto the 80186/80188 without going 
through the 8087. The third processor has the high- 
est bus priority in the system. If the 8087 requests 
the bus while the third processor has bus control, 
the grant pulse will not be issued until the third proc- 
essor releases the bus (using SYSHOLD). In this 
configuration, the third processor has the highest 
priority, the 8087 has the next highest, and the 
80186/80188 has the lowest bus priority. 



Bus Operation 

The 8087 bus structure, operation and timing are 
identical to all other processors in the 8086/8088 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 1 6/8 
lines of the address/data bus. A16 through A19 are 
time multiplexed with four status lines S3-S6. S3, 
S4 and S6 are always one (HIGH) for 8087-driven 
bus cycles while S5 is always zero (LOW). When the 
8087 is monitoring CPU bus cycles (passive mode) 
S6 is also monitored by the 8087 to differentiate 
8086/8088 activity from that of a local I/O proces- 
sor or any other local bus master. (The 8086/8088 
must be the only processor on the local bus to drive 
S6 LOW ). S7 is multiplexed with and has the same 
value as BHE for all 8087 bus cycles. 









Table 2. 8087 Data Types 












Data 
Formats 


Range 


Precision 


Most Significant Byte 


7 07 07 07 07 07 07 07 07 07 


Word Integer 


104 


16 Bits 


"15 l0 


Two's Comple 


3ment 




Short Integer 


109 


32 Bits 


! 31 lo 


Two's Complement 






Long Integer 


1018 


64 Bits 


'63 




lo 


Two's 
Complement 


Packed BCD 


1018 


18 Digits 


S— C 


>17Die 




Di D 


Short Real 


10±38 


24 Bits 


SE 7 


Eo ; Fi F 2 3 


Fq Implicit 






Long Real 


10±308 


53 Bits 


SE 10 


i? 


Fi F 52 


Fq Implicit 


Temporary Real 


10 ±4932 


64 Bits 


SE 14 


E F 


' F 63 



Integer: I 

Packed BCD: (-1)S(D 17 ...D ) 
Real: (-1)S(2E-Bias)(F »F 1 ...) 
bias = 127 for Short Real 
1023 for Long Real 
16383 for Temp Real 
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The first three status lines, SO-S2, are used with an 
8288 bus controller or 82188 Integrated Bus Con- 
troller to determine the type of bus cycle being run: 



Table 3. Execution Times for Selected 

8086/8087 Numeric Instructions and 

Corresponding 8086 Emulation 



'■ S2 


S1 


so 







X 


X 


Unused 


1 








Unused 


1 





1 


Memory Data Read 


1 


1 





Memory Data Write 


1 


1 


1 


Passive (no bus cycle) 



Programming Interface 

The 8087 includes the standard 8086, 8088 instruc- 
tion set for general data manipulation and program 
control. It also includes 68 numeric instructions for 
extended precision integer, floating point, trigono- 
metric, logarithmic, and exponential functions. Sam- 
ple execution times for several 8087 functions are 
shown in Table 3. Overall performance is up to 100 
times that of an 8086 processor for numeric instruc- 
tions. 

Any instruction executed by the 8087 is the com- 
bined result of the CPU and 8087 activity. The CPU 
and the 8087 have specialized functions and regis- 
ters providing fast concurrent operation. The CPU 
controls overall program execution while the 8087 
uses the coprocessor interface to recognize and 
perform numeric operations. 

Table 2 lists the seven data types the 8087 supports 
and presents the format for each type. Internally, the 

8087 holds ail numbers in the temporary real format 
Load and store instructions automatically convert 
operands represented in memory as 16-, 32-, or 64- 
bit integers, 32- or 64-bit floating point numbers or 
18-digit packed BCD numbers into temporary real 
format and vice versa. The 8087 also provides the 
capability to control round off, underflow, and over- 
flow errors in each calculation. 

Computations in the 8087 use the processor's regis- 
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The 8087 
register set can be accessed as a stack, with in- 
structions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 

Table 5 lists the 8087's instructions by class. All ap- 
pear as ESCAPE instructions to the host. Assembly 
language programs are written in ASM-86, the 8086, 

8088 assembly language. 





Approximate Execution 


Floatingpoint 


Time(jLts) 






Instruction 


8086/8087 
(8 MHz 
Clock) 


8086 
Emulation 


Add/Subtract 


10.6 


1000 


Multiply (Single 






Precision) 


11.9 


1000 


Multiply (Extended 






Precision) 


16.9 


1312 


Divide 


24.4 


2000 


Compare 


-5.6 


812 


Load (Double Precision) 


-6.3 


1062 


Store (Double Precision) 


13.1 


750 


Square Root 


22.5 


12250 


Tangent 


56.3 


8125 


Exponentiation 


62.5 


10687 



NUMERIC PROCESSOR 
EXTENSION ARCHIT ECTURE 

As shown in Figure 1, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU ex- 
ecutes all numeric instructions, while the CU re- 
ceives and decodes instructions, reads and writes 
memory operands and executes 8087 control in- 
structions. The two elements are able to operate in- 
dependently of one another, allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction. 



Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all in structio ns from memory; by 
monitoring the status (S0-S2, S6) emitted by the 
CPU, the control unit determines when an instruction 
is being fetched. The CPU monitors the data bus in 
parallel with the CPU to obtain instructions that per- 
tain to the 8087. 
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Figure 4. 8086/8087, 8088/8087 System Configuration 
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Figure 5. 80186/8087, 80188/8087 System Configuration 



2-189 



intef 



8087 



The CU maintains an instruction queue that is identi- 
cal to the queue in the host CPU. The CU automati- 
cally determines if the CPU is an 8086/80186 or an 
808 8/80 188 immediately after reset (by monitoring 
the BHE/S7 line) and matches its queue length ac- 
cordingly. By monitoring the CPU's queue status 
lines (QS0, QS1), the CU obtains and decodes in- 
structions from the queue in synchronization with the 
CPU. 

A numeric instruction appears as an ESCAPE in- 
struction to the CPU. Both the CPU and 8087 de- 
code and execute the ESCAPE instruction together. 
The 8087 only recognizes the numeric instructions 
shown in Table 5. The start of a numeric operation is 
accomplished when the CPU executes the ESCAPE 
instruction. The instruction may or may not identify a 
memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. if the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per- 
forms a "dummy read" of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 instruction can have one of three memory 
reference options: (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into memo- 
ry. If no memory reference is required, the 8087 sim- 
ply executes its instruction, if a memory reference is 
required, the CU uses a "dummy read" cycle initiat- 
ed by the CPU to capture and save the address that 
the CPU places on the bus. If the instruction is a 
load, the CU additionally captures the data word 
when it becomes available on the local data bus. If 
data required is longer than one word, the CU imme- 
diately obtains the bus from the CPU using the 
request/grant protocol and reads the rest of the in- 
formation in consecutive bus cycles. In a store oper- 
ation, the CU captures and saves the store address 
as in a load, and ignores the data word that follows 
in the "dummy read" cycle. When the 8087 is ready 
to perform the store, the CU obtains the bus from 
the CPU and writes the operand starting at the spec- 
ified address. 



Numeric Execution Unit 

The NE-U executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 frac- 
tions bits, 1 5 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction to 
resynchronize both processors when the NEU has 
completed its current instruction. 



Register Set 

The CPU + 8087 register set is shown in Figure 3. 
Each of the eight data registers in the 8087's regis- 
ter stack is 80 bits and is divided into "fields" corre- 
sponding to the 8087's temporary real data type. 

At a given point in time the TOP field in the control 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like CPU stacks in mem- 
ory, the 8087 register stack grows "down" toward 
lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to ex- 
plicitly specify the register which is to be used. Ex- 
plicit register addressing is "top-relative." 



Status Word 

The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
16-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
. (RESERVED) 

• INTERRUPT REQUEST' 11 

• CONDITION CODE' 2 ' 

• TOP OF STACK POINTERS 
- NEU BUSY 
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NOTES: 

1. IR is set if any unmasked exception bit is set, cleared otherwise. 

2. See Table 3 for condition code interpretation. 

3. Top Values: 

000 = Register is Top of Stack. 

001 = Register 1 is Top of Stack. 



111= Register 7 is Top of Stack. 



Figure 6. 8087 Status Word 



The four numeric condition code bits (C0-C3) are 
similar to flags in a CPU: various instructions update 
these bits to reflect the outcome of the 8087 opera- 
tions. The effect of these instructions on the condi- 
tion code bits is summarized in Table 4. 

Bits 14-12 of the status word point to the 8087 reg- 
ister that is the current top-of-stack (TOP) as de- 
scribed above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 

Bits 5-0 are set to indicate that the NEU has detect- 
ed an exception while executing an instruction. 



Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the 8087's performance. The tag 
word can be used, however, to interpret the con- 
tents of 8087 registers. 



Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes a math instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory 
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TAG ( (6) 


TAG ( (5) 


TAGj(4) 


TAGjO) 


TAG ( (2) 


TAGjO) 


TAG^O) 




TAG VALUES: 

00 =* VALID 

01 = ZERO 

10 = SPECIAL 

11 - EMPTY 

















Figure 7. 8087 Tag Word 
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Table 4a. Condition Code Interpretation 



Instruction 












Type 


c 3 


c 2 


Ci 


Co 


Interpretation 


Compare, Test 








X 





ST > Source or (FTST) 










X 


1 


ST < Source or (FTST) 




1 





X 





ST = Source or (FTST) 




1 


1 


X 


1 


ST is not comparable 


Remainder 


Qr 





Qo 


Q2 


Complete reduction with 
three low bits of quotient 
(See Table 4b) 




u 


1 


u 


u 


Incomplete Reduction 


Examine 














Valid, positive unnormalized 













1 


Invalid, positive, exponent = 










1 





Valid, negative, unnormalized 










1 


1 


Invalid, negative, exponent = 







1 








Valid, positive, normalized 







1 





1 


Infinity, positive 







1 


1 





Valid, negative, normalized 







1 


1 


1 


Infinity, negative 




1 











Zero, positive 




1 








1 


Empty 




1 





1 





Zero, negative 




1 





1 


1 


Empty 




1 


1 








Invalid, positive, exponent = 




1 


1 





1 


Empty 




1 


1 


1 





Invalid, negative, exponent = 




1 


1 


1 


1 


Empty 



NOTES: 

1. ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 

Table 4b. Condition Code Interpretation 

after FPREM Instruction As a 

Function of Divided Value 



Dividend Range 


Q 2 


Qi 


Qo 


Dividend < 2 * Modulus 
Dividend < 4 * Modulus 
Dividend s 4 * Modulus 


C 3 1 
G 3 i 
Q 2 


Gil 
Qi 


Qo 
Qo 
Qo 



NOTE: 

1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 





15 


MEMORY 
OFFSET 

+ 

+ 2 
+ 4 
4-6 

+ 8 

+ 10 

+ 12 




CONTROL WORD 


STATUS WORD 


TAG WORD 


INSTRUCTION POINTER (15-0) 


INSTRUCTION 
POINTER (19-16) 





INSTRUCTION 
OPCODE (10-0) 


DATA POINTER (15-0) 


DATA POINTER 
(19-16) 







15 12 11 



Figure 8. 8087 Instruction and Data Pointer 
Image in Memory 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 

The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 8087 recognizes and bit 7 
contains a general mask bit for all 8087 interrupts. 
The high order byte of the control word configures 
the 8087 operating mode including precision, round- 
ing, and infinity controls. The precision control bits 
(bits 9-8) can be used to set the 8087 internal oper- 
ating precision at less than the default of temporary 
real precision. This can be useful in providing com- 
patibility with earlier generation arithmetic proces- 
sors of smaller precision than the 8087. The round- 
ing control bits (bits 11-10) provide for directed 
rounding and true chop as well as the unbiased 
round to nearest mode specified in the proposed 
IEEE standard. Control over closure of the number 
space at infinity is also provided (either affine clo- 
sure, ±«, or projective closure, <», is treated as 
unsigned, may be specified). 



Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply contin- 
ue execution regardless of whether the host clears 
the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the follow- 
ing: 

1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, oo - oo, etc.) 
or the use of a Non-Number (NAN) as an oper- 
and. An exponent value is reserved and any bit 
pattern with this value in the exponent field is 
termed a Non-Number and causes this exception. 
If this exception is masked, the 8087's default re- 
sponse is to generate a specific NAN called IN- 
DEFINITE, or to propagate already existing NANs 
as the calculation result. 



UM OM ZM OM IM 



EXCEPTION MASKS (1 m EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 

- (RESERVED) 

- INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 

- PRECISION CONTROL 111 



„<» 



- ROUNDING CONTROL' 

- INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 

- (RESERVED) 

205835-7 



NOTES: 

1 . Precision Control 

00 = 24 bits 

01 = Reserved 

10 = 53 bits 

11 = 64 bits 



2. Rounding Control 

00 = Round to Nearest or Even 

01 = Round Down (toward - «>) 

10 = Round Up (toward + °°) 

11 = Chop (truncate. toward zero) 



Figure 9. 8087 Control Word 
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2. OVERFLOW: The result is too large in magnitude 
to fit the specified format, the 8087 will generate 
an encoding for infinity if this exception is 
masked. 

3. ZERO DIVISOR: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked, 

4. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will denormal- 



ize (shift right) the fraction until the exponent is in 
range. This process is called gradual underflow. 

5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denbrmalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT: If the true result is not exactly 
representable in the specified format, the result is 
rounded according to the rounding mode, and this 
flag is set. If this exception is masked, processing 
will simply continue. 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .0°C to 70°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground .......... 1 .0V to .+ 7V 

Power Dissipation .3.0 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex* 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = b°c to 70°c, v cc = 5V ±5% 



Symbol 


Parameter 


Mirt 


Max 


Units 


Test Conditions 


v, L 


Input Low Voltage 


-0.5 


0.8 


V 




V, H 


Input High Voltage 


2.0 


Vcc +0,5 


V 




Vol 


Output Low Voltage (Note 8) 




0.45 


V 


Iol - 2.5 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400 ju,A 


'cc 


Power Supply Current 




475 


mA 


T A = 25°C 


Ili 


Input Leakage Current 




±10 


juA 


ov <; v, N ^ v cc 


Ilo 


Output Leakage Current 




±10 


juA 


T A = 25°C 


V CL 


Clock I nput Low Voltage 


-0.5 


0.6 


V 




VCH 


Clock Input High Voltage 


3.9 


V C C+ 1-0 


V 




C|N 


Capacitance of Inputs 




10 


pF 


fc= 1 MHz 


C|G 


Capacitance of I/O Buffer 
(ADO-15, A t 6-A 19 , BHE, S2-S0, 
RQ/GT) and CLK 




15 


pF 


fc = 1 MHz 


COUT 


Capacitance of Outputs 
BUSY INT 




10 


PF 


fc = 1 MHz 
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A.C. CHARACTERISTICS T A = o°c to 70°c, v C c = 5V ±5% 



TIMING REQUIREMENTS 



Symbol 


Parameter 


8087 


8087-2 


8087-1 

(Preliminary: 

Note 7) 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


100 


500 


ns 




TCLCH 


CLK Low Time 


118 




68. 




53 




ns 




TCHCL 


CLK High Time 


69 




44. 




39 




ns 




TCH1CH2 


CLK Rise Time 




10 




10 




15 


ns 


From 1.0V to 3.5V 


TCL2CL2 


CLK Fall Time 




10 




10 




15 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




20 




15 




ns 




TCLDX 


Data In Hold Time 


10 




10 




10 




ns 




TRYHCH 


READY Setup Time 


118 




68 




53 




ns 




TCHRYX 


READY Hold Time 


30 




20 




5 




ns 




TRYLCL 


READY Inactive to CLK (Note 6) 


— 8 




-8 




-10 




ns 




TGVCH 


RQ/GT Setup Time (Note 8) 


30 




15 




15 




ns 




TCHGX 


RQ/GT Hold Time 


40 




30 




20 




ns 




TQVCL 


QS0-1 Setup Time (Note 8) 


30 




30 




30 




ns 




TCLQX 


QS0-1 Hold Time 


10 




10 




5 




ns 




TSACH 


Status Active Setup Time 


30 




30 




30 




ns 




TSNCL 


Status Inactive Setup Time 


30 




30 




30 




ns 




TILIH 


Input Rise Time (Except CLK) 




20 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 




15 


ns 


From 2.0V to 0.8V 



TIMING RESPONSES 



Symbol 


Parameter 


8087 


8087-2 


8087-1 

(Preliminary: 

Note 7) 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLML 


Command Active Delay 
(Notes 1,2) 


10/0 


35/70 


10/0 


35/70 


10/0 


35/70 


ns 


C L = 20-100 pF 
for all 8087 Outputs 
(in addition to 8087 
self-load) 


TCLMH 


Command Inactive Delay 
(Notes 1,2) 


10/0 


35/55 


10/0 


35/55 


10/0 


35/70 


ns 


TRYHSH 


Ready Active to Status 
Passive (Note 5) 




110 




65 




45 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


10 


45 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


10 


55 


ns 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


10 


55 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 
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A.C. CHARACTERISTICS T A = 0°C to 70°C, V C c = 5V ±5% (Continued) 



TIMING RESPONSES (Continued) 


















Symbol 


Parameter 


8087 


8087-2 


8087-1 

(Preliminary: 

Note 7) 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


TCLAX 


45 


ns 


C L = 20-100 pF 
for all 8087 Outputs 
(in addition to 8087 
self-load) 


TSVLH 


Status Valid to ALE High 
(Notes 1,2) 




15/30 




15/30 




15/30 


ns 


TCLLH 


CLK Low to ALE Valid 
(Notes 1,2) 




15/30 




15/30 




15/30 


ns 


TCHLL 


ALE Inactive Delay 
(Notes 1,2) 




15/30 




15/30 




15/30 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


TCHDX 


Status Hold Time 


10 




10 




10 


45 


ns 


TCLDOX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active Delay 
(Notes 1,3) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay 
(Notes 1,3) 


10 


45 


10 


45 


to 


45 


ns- 


TCHBV 


BUSY and INT Valid Delay 


10 


150 


10 


85 


10 


65 


ns 


TCHDTL 


Direction Control Active 
Delay (Notes 1,3) 




50 




50 




50 


ns 


TCHDTH 


Direction Control Inactive 
Delay (Notes 1,3) 




30 




30 




30 


ns 


TSVDTV 


STATUS to DT/R Delay 
(Notes 1,4). 





30 





30 





30 


ns 


TCLDTV 


DT/R Active Delay 
(Notes 1,4) 





55 





55 





55 


ns 


TCHDNV 


DEN Active Delay 
(Notes 1,4) 





55 





55 





55 


ns 


TCHDNX 


DEN Inactive Delay 
(Notes 1,4) 


5 


55 


5 


55 


5 


55 


ns 


TCLGL 


RQ/GT Active Delay 
(Note 8) 





85 





50 





38 


ns 


C L = 40pF(in 
addition tb 8087 
self-load) 


TCLGH 


RQ/GT Inactive Delay 





85 





50 





45 


ns 


TOLOH 


Output Rise Time 




20 




20 




15 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 A, 8288, or 82188 shown for reference only. 

2. 8288 timing/82188 timing. 

3. 8288 timing. 

4. 82188 timing. 

5. Applies only to T3 and wait states. 

6. Applies only to T2 state (8 ns into T3). 

7. IMPORTANT SYSTEM CONSIDERATION: Some 8087-1 timing parameters are constrained relative to the corresponding 
8086-1 specifications. Therefore, 8086-1 systems incorporating the 8087-1 should be designed with the 8087-1 specifica- 
tions. 

8. Changes since last revision. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



^1.5 *+ TEST POINTS - 



0.45 

205835-8 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". 



A.C. TESTING LOAD CIRCUIT 










100 pF 

205835-9 




DEVICE 
UNDER 
TEST 




i . 


C|_ Includes Jig Capacitance 



WAVEFORMS 



MASTER MODE (with 8288 references) 



BHE/Sj.A.j/S.-A^Sj 




NOTES: 205835-10 

1 . All signals switch between Vol and Voh unless otherwise specified. 

2. READY is sampled near the end of T& T3 and Tw to determine if Tw machine states are to be inserted. 

3. The local bus floats only if the 8087 is returning control to the 8086/8088. 

4. ALE rises at later of (TSVLH, TCLLH). 

5. Status inactive in state just prior to T4. 

6. Signals at 8284A or 8288 are shown for reference only 1 _ 

7. The issuance of 8288 command and control signals (MRDC, (MWTC, AMWC, and DEN) lags the active high 8288 
CEN. 

8. All timing measurements are made at 1.5V unless otherwise noted. 
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WAVEFORMS (Continued) 

MASTER MODE (with 82188 references) 



8,.S t .S 



BHE/S 7 ,A 19 /S 6 -A, e /S 3 



ALE (82188 OUTPUT) 
(SEE NOTES 4,6) 



READY (8087 INPUT) 
(SEE NOTE 2) 



■ < » -j TCHSV «« »■ TCHCL -*M TCLSH 

— 'czzzzzt::^ 



TSVLH-^f 
TCLLH 



READ CYCLE 



82188 OUTPUTS < 
(SEE NOTES 6,7) 



TSVDTV 
TC LDTV - 
DT/R "— """ 

(SEE NOTE 9) 



T, T- 

TCH1CH2 



X2 



T, 
♦-TCL2CL1 



£ 



WRITE CYCLE 



AD 1S -AD 



U' » | TCLDV 



DK 



"is~"o 



V 



/ 



c (SEE NOTE 5) 



s 7 -s 3 



j: 



"\ 



TRYHCH 

TDVCL H 



? c 



82188 OUTPUTS 
(SEE NOTES 6,7) 



X 



1: 



\ 



TCLCH 

T 



/" FLOAT 
(SEE NOTE 3) 



> 



sFji 

.« TO 



c 



DC 



X 



1 



205835-11 



NOTES: 

1. All signals switch between Vol an d v OH unless otherwise specified. 

2. READY is sampled hear the end of T 2 , T 3 and T^ to determine if Tw machine states are to be inserted. 

3. The local bus floats only if the 8087 is returning control to the 80186/80188. 

4. ALE rises at later of (TSVLH, TCLLH). ' 

5. Status inactive in state just prior to T4. 

6. Signals at 8284 A or 8218Q are shown for reference on ly. ' . / 

7. The issuance of 8288 command and control signals (MRDC, (MWTC, AMVVC,; and DEN) tags the active high 8288 
CEN. , . , '■; , ■ ■- ': ".. ,. , . •• 

8. All timing measurements are made at 1.5V unless otherwise noted. 

9. DT/R becomes valid at the later of (TSVDTV, TCUPTV), - 
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WAVEFORMS (Continued) 
PASSIVE MODE 



CLK 



tqvclU- 



8».«i.«. 



BHE/S 7 ,A 19 /S 6 -A 16 /S 3 



READY 

(8087 

INPUT) 



TSACH 



T 



TDVCL TCLDXl TDVCL TCLDX 

«4 ».<* frU ►-« ». 



TSNCL 



TDVCL 



A *«-*' ) 



TCLDX 



TDVCL -«-• 



FLOAT 



A 



IC 



/ 



TRYHCH 



J 



3CIIDC 



FLOAT 



*C 



DATA I 



-« H TCLDX 

FLOAT 



^>-2»!_C 



/ 



TCHRYX 



W 



RESET TIMING 



i- 



v C c 



s 



->50M«ec- 



~\ f 



TCLDX - 
TDVCL- 



-y* 



- -20 CLK CYCLES - 



*8 CLK CYCLES 



>4 CLK CYCLES 



8087 TRACKS 
CPU ACTIVITY 



8087 READY TO 
EXECUTE INSTRUCTIONS 



205835-13 
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WAVEFORMS (Continued) 



REQUEST/GRANTq TIMING 



RQ/GTO 

AD 1S -AD 

A 19 /S 6 -A 16 /S 3 

Mi*. 

BH1/S7 




t t r a '«"«« It c IWItUb _ 



-*> v- 



-4 5- 



|^— TCLAZ 

)l— - <E 



NOTE: 

The CPU provides active pullup of RQ/GTO, see TCLGH spec. 



REQUEST/GRAN^ TIMING 



ANYCLK >0CLK 

"CYCLE ~*t*~CYCLE~ 



Vmu 



\ RQ / , \ 8087 GT / ^ELEASE ^ 



>1CLK 
"CYCLE" 




AD 1S -AD 

A,9/S $: A 16 /S 3 

BHE/S7 



/V 



■A (j *. 



ALTERNATE MASTER 



(SEE NOTE) 



NOTE: 

Alternate master may not drive the buses outside of the region shown without risking bus contention. 



)—£w 



205835-15 



BUSY AND INTERRUPT TIMING 



CLK \ 

BUSY, INT 


















J 


c 


TCHBV 




1 

205835-16 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets 



Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 
ST(i) to ST(0) 

FST - STORE 

ST(0) to Integer/Real Memory 

ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0)toST(i) 

FXCH = Exchange ST(i) and 
ST(0) 

Comparison 

FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) 

FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) 
ST(i) to ST(0) | 

FCOMPP - Compare ST(1 ) to | 
ST(0) and Pop Twice 

FTST = Test ST(0) | 
FXAM = Examine ST(0) j 


















Optional 

8,16 Bit 

Displacement 


Clock Count Range 
32 Bit 32 Bit 64 Bit 
Real Integer Real 


16 Bit 
Integer 


MF 














00 


01 


10 


11 
















38-56 52-60 
+ EA + EA 

60-68 + EA 
53-65 +EA 
290-310 + EA 

17-22 

84-90 82-92 
+ EA + EA 

15-22 

86-92 84-94 
+ EA + EA 

94-105 + EA 
52-58 +EA 

520-540 +EA 
17-24 

10-15 

60-70 78-91 
+ EA + EA 

40-50 

63-73 80-93 

+ EA + EA 

45-52 

45-55 

38-48 


40-60 46-54 
+ EA + EA 

96-104 80-90 
+ EA + EA 

98-106 82-92 
+ EA +EA 

65-75 72-86 
+ EA + EA 

67-77 74-88 
+ EA + EA 

205835-17 


ESCAPE 


MF 


1 


[ MOD 











R/M | DISP • 


ESCAPE 


1 1 


1 


[ MOD 


1 





1 


R/M | DISP | 


ESCAPE 


1 


1 


I MOD 


1 





1 


R/M |_ DISP • 


ESCAPE 1 1 1 


MOD 


1 








R/M I DISP ■ 




















ESCAPE 





1 


1 1 











ST(i) 






















ESCAPE 


MF 


1 


MOD 





1 





R/M 


DISP j 




















ESCAPE 


1 


1 


1 1 





1 





ST(i) 






















ESCAPE 


MF 


1 


MOD 





1 


1 


R/M 


DISP , ! 


















ESCAPE 


1 1 


1 


MOD 


1 


1 


1 


R/M 


DISP ■ 


















ESCAPE 


1 


1 


MOD 


1 


1 


1 


R/M 


DISP • 


















ESCAPE 1 1 1 


MOD 


1 


1 





R/M 


DISP | 




















ESCAPE 


1 


1 


1 1 





1 


1 


ST(i) 






















ESCAPE 





1 


1 1 








1 


ST(i) 






















ESCAPE 


MF 





MOD 





1 





R/M 


DISP ' 




















ESCAPE 








1 1 





1 





ST(i) 






















DISP | 


ESCAPE 


MF 


• i 


MOD 





1 


1 


R/M 


ESCAPE 








1 1 





1 


1 


ST(i) 




ESCAPE 


1 1 


• 1 


1 1 





1 


1 


1 


ESCAPE 





'1 


1 1 


1 








1 






















ESCAPE 





1 I 


1 1 


1 








10 1 


12- 


23 
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Table 5. 8087 Extensions to the 86/ 1 86 Instructions Sets (Continued) 






Constants' 

FLDZ = LOAD + 0.0 into ST(0) 

FLD1 = LOAD + 1.0 into ST(0j 

FLDPI = LOAD tx into ST(0) 

FLDL2T = LOAD log 2 10 into 
ST(0) 

FLDL2E = LOAD log 2 e into 
ST(0) 

FLDLG2 = LOAD !og 10 2 into 
ST(0) 

FLDLN2 = LOAD log e 2 into 
ST(0) 

Arithmetic 

FADD = Addition 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSUB = Subtraction 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FDIV = Division 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSQRT = Square Root of ST(0) 
FSCALE = Scale ST(0) by ST(1) | 

FPREM = Partial Remainder of 
ST(0)+ST(1) 

FRNDINT = Round ST(0) to I 
Integer 










Optional 

8,16 Bit 

Displacement 


Clock Count Range 
32 Bit 32 Bit 64 Bit 
Real Integer Real 


16 Bit 
Integer 




MF 




= 


00 


01 


to 


11 










11-17 

15-21 
16-22 
16-22 
15-21 

18-24 
17-23 

90-120 108-143 95-125 
+ EA + EA + EA 

70-100 (Note 1) 

90-120 108-143 95-125 

+ EA + EA + EA 

70-100 (Note 1) 

110-125 130-144 112-168 
+ EA + EA + EA 

90-145 (Note 1) 

215-225 230-243 220-230 
+ EA + EA + EA 

193-203 (Note 1) 

180-186 
32-38 

15-190 


102-137 
+ EA 

102-137 
+ EA 

124-138 
+ EA 

224-238 

+ EA 

835-18 


I ESCAPE 1 


hi. 


1.0 11 1 | 








| ESCAPE 1 


1 1 1 


10 10 | 








I ESCAPE 1 


m 


1 1 1 1 . | 








| ESCAPE 1 


I 1 1 


10 10 1 | 








| ESCAPE 1 


h < 


1 1 1 o | 








[ ESCAPE 1 


h r 


1 1 1 | 








I ESCAPE 1 


n_L 


1 1 1 1 I 








ESCAPE MF 


MOD 


R/M 


DISP j 








I ESCAPE d P 


! 1 1 


ST(i) I 








| ESCAPE MF 


MOD 


1 R R/M ] DISP ■ 










ESCAPE d P 


1 1 


1 R R/M 










ESCAPE MF 


MOD 


1 R/M 


DISP | 








I 


ESCAPE d P 


1 1 


1 R/M 








ESCAPE MF 


MOD 


1 1 R R/M I DISP | 










ESCAPE d P 


1 1 


1 1 R R/M 








ESCAPE 1 


1 i, hi 10 1 












ESCAPE 1 


1 i 


1 .1 1 101 












ESCAPE 1 


1 1 


1 1 1 


ESCAPE 1 


1 1 


1 1 11 


." 


16-50 


205 



NOTE: 

1. If P = 1 then add 5 clocks. 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued) 



FXTRACT - Extract 
Components of St(0) 

FABS - Absolute Value of 
ST(0) 

FCHS - Change Sign of ST(0) 

Transcendental 

FPTAN = Partial Tangent of 
ST(0) 

FPATAN = Partial Arctangent 
of ST(0) +ST(1) 

F2XM1 - 2 ST(0) -1 

FYL2X = ST(1)»Log 2 
|ST(0)| 

FYL2XP1 - ST(1)'Log 2 
[ST(0)+1] 

Processor Control 

FIN IT = Initialized 8087 

FENI = Enable Interrupts 

FDISI = Disable Interrupts 

FLDCW = Load Control Word 

FSTCW = Store Control Word 

FSTSW - Store Status Word 

FCLEX = Clear Exceptions 

FSTENV - Store Environment 

FLDENV = Load Environment 

FSAVE = Save State 

FRSTOR = Restore State 

FINCSTP = Increment Stack , 
Pointer 

FDECSTP - Decrement Stack 
Pointer 


















Optional 

8,16 Bit 

Displacement 

DISP ■ 


Clock Count Range 

27-55 

10-17 
10-17 

30-540 

250-800 

310-630 
900-1100 
700-1000 

2-8 

2-8 

2-8 

7-14 +EA 
12-18 +EA 
12-18 +EA 

2-8 

40-50+ EA 

35-45 + EA 

197-207 + EA 

197-207 + EA 

6-12 
6-12 

205835-19 


I ESCAPE 





1 




1 1 





1 





















ESCAPE 





1 




1 








1 


















I ESCAPE 





1 




1 



























ESCAPE 





1 




1 1 





1 





















ESCAPE 





1 




1 1 





.1 


1 


















ESCAPE 





1 




1 1 



























ESCAPE 





1 




1 1 








1 


















ESCAPE 





1 




1 1 


1 





1 


















ESCAPE 









1 





1 


1 


















ESCAPE 





1 1 
































ESCAPE 







n 1 


1 








'i 


















ESCAPE 





1 


MOD 





1 


R/M 






















ESCAPE 





1 


MOD 


1 


1 


R/M 




DISP ■ 




















ESCAPE 


1 


1 


MOD 


1 


1 


R/M 




DISP • 




















ESCAPE 







1 1 








1 


• 


















ESCAPE 





0, 


MOD 


1 





R/M 




DISP j 


















DISP ■ 


ESCAPE 







MOD 1 








R/M 




















ESCAPE 


1 


o.,| 


MOD .1 


1 





R/M 




DISP • 


















ESCAPE 


1 


0, | 


MOD 1 








R/M 




DISP • 

t 


















ESCAPE 





1 


1 1 1 


1 





1 1 


1 


















ESCAPE 





01| 


1 1 1 


1 





1 1 


o 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued) 



FFREE - Free ST(i) 
FNOP = No Operation 
FWAIT = CPU Wait for 8087 

*n = number of times CPU 






Clock Count Range 

9-16 

10-16 

3 + 5n* 

205835-20 


| ESCAPE 1 1 | 1 


ST(i) | 






| ESCAPE 6 1 | 1 


1 | 


| 1 1 1 1 


'I 


examines TEST line before 8087 lowers BUSY. 



NOTES: 

1. if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high; disp-low 
if mod = 1 1 then r/m is treated as an ST(i) field 

2. if r/m = 000 then EA = (BX) +' (SI) + DISP 
if r/m - 001 then EA = (BX) + (Dl) + DlSP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
If r/m = 100 then EA = (SI) + DISP 

if r/m = 1.01 then EA = (Dl) + DISP 
if r/m - 110 then EA = (BP) + DISP 
if r/m - 111 then EA = (BX) + DISP 
*except if mod = 000 and r/m =110 then EA = disp-high; disp-low. 

3. MF = Memory Format 

00-32-bit Real 
01 -32-bit Integer 
10-64-bit Real 
11-16-bit Integer 

4. ST(0) = Current stack top 

ST(i) == i*h register below stack top 

5. d - Destination 

0— Destination is ST(0) 
1— Destination is ST(i) 

6. P = Pop 

0— No pop 
1— PopST(O) 

7. R = Reverse: When d = 1 reverse the sense of R 

0— Destination (op) Source 
1— Source (op) Destination 
B.ForFSQRT: - - <; ST(0) <: + oo 
For FSCALE: -21S <: ST(1) < +215 a nd ST(1) integer 
ForF2XM1: <; ST(0) <; 2"1 - 
For FYL2X: < ST(0) < » 

-oo < ST(1) < +00 
For FYL2XP1: '* IST(0)l < (2 - Y2)/2 

-oo < ST(1) < oo 
For FPTAN: £ ST(0) <; ?r/4 
ForFPATAN: <; ST(0) < ST(1) < +oo 
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82C84A 

CHMOS CLOCK GENERATOR AND DRIVER 
FOR 80C86, 80C88 PROCESSORS 



Generates the System Clock for the 
80C86, 80C88 Processors: 

82C84A-5 for 5 MHz 

82C84A for 8 MHz 

Pin Compatible with Bipolar 8284A* 

Uses a Crystal or an External 
Frequency Source 

Provides Local READY and MULTIBUS® 
READY Synchronization 



Generates System Reset Output from 
Schmitt Trigger Input 

Capable of Clock Synchronization with 
other 82C84AS 

Low Power Consumption 

Single 5V Power Supply 

TTL Compatible Inputs/Outputs 

Available in 18-Lead Plastic DIP 

(See Packaging Spec, Order #231369) 



The Intel 82C84A is a high performance CHMOS clock generator-driver designed to service the requirements 
of the 80C86/88 and 8086/88. Power consumption is a fraction of that of equivalent bipolar circuits. The chip 
contains a crystal controlled oscillator, a divide-by-three counter and complete READY synchronization and 
reset logic. Crystal controlled operation up to 15, 25 MHz utilizes a parallel, fundamental mode crystal and two 
small load capacitors. 

The Bipolar 8284A requires two load resistors and a resonant crystal. 




Control 
Pin 


Logical 1 


Logical 


F/C 


External 
Clock 


Crystal 
Drive 


RES 


Normal 


Reset 


RDY1 
RDY2 


Bus Ready 


Bus not 
ready 


AEN1 
AEN2 


Address 
Disabled 


Address 
Enabled 


ASYNC 


1 Stage Ready 
Synchronization 


2 Stage Ready 
Synchronization 



82C84A Pin Description 



82C84A Block Diagram 

CSYNCCJ1 
PCLKC 2 
AENlC 3 
RDY1C 4 

READY C 

RDY2C 6 

SITEC 7 

CLKC 8 



QNDC 9 



231198-1 



18 DVcc 



DX2 



15 Dasync 
82C84A _ . 

5 14 



HER 

13 HF/C" 

12 Dose 

11 I]RES 
10 3 RESET 



231198-2 



82C84A 18-Lead 
DIP Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 




i 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify 
its repective Bus Ready Signal (RDY1 or RDY2). AEN 1 validates RDY1 
while AEN2 validates RDY2. Two AEN signal inputs are useful in system 
configurations which permit the processor to access two Multi-Master 
System Busses. In non Multi-Master configurations the AEN signal inputs 
are tied true (LOW). 


AEN1, 
AEN2 


RDY1, 
RDY2 


i 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which 
is an indication from a device located on the system data bus that data 
has been received, or is available. RDY1 is qualified by AEN1 while 
RDY2 is qualified by AEN2. 




I 




ASYNC 


READY SYNCHRONIZATION SELECT: ASYNC is an input which 
defines the synchronization mode of the READY logic. When ASYNC is 
LOW, two stages of READY synchronization are provided. When ASYNC 
is left open (an internal pull-up is provided) or HIGH a single stage of 
READY synchronization is provided. 


READY 





READY: READY is an active HIGH signal which is the synchronized RDY 
signal input. READY is cleared after the guaranteed hold time to the 
processor has been met. 


X1.X2 


i 


CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The 
crystal frequency is 3 times the desired processor clock frequency. (If no 
crystal is attached, then X1 should be tied to Vcc or GND and X2 should 
be left open.) 


F/C 


i 


FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When 
strapped LOW, F/C permits the processor's clock to be generated by the 
crystal. When F/C is strapped HIGH, CLK is generated from the EFI 
input. 


EFI 


i 


EXTERNAL FREQUENCY: When F/C is strapped HIGH, CLK is 
generated from the input frequency appearing on this pin. The input 
signal is a square wave 3 times the frequency of the desired CLK Output. 
When F/C is strapped LOW, EFI should be tied HIGH or LOW. 


CLK 





PROCESSOR CLOCK: CLK is the clock output used by the processor 
and all devices which directly connect to the processor's local bus (i.e., 
the bipolar support chips and other MOS devices). CLK has an output 
frequency which is y 3 of the crystal or EFI input frequency and a 1 / 3 duty 
cycle. 


PCLK 





PERIPHERAL CLOCK: PCLK is a TTL level peripheral clock signal 
whose output frequency is V2 that of CLK and has a 50% duty cycle. 


OSC 





OSCILLATOR OUTPUT: 0§C is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that of the crystal. 


RES 


I 


RESET IN: RES is an active LOW signal which is used to generate 
RESET. The 82C84A provides a Schmitt trigger input so that an RC 
connection can be used to establish the power-up reset of proper 
duration. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


RESET 





RESET: RESET is an active HIGH signal which is used to reset the 
80C86/88 family processors. Its timing characteristics are 
determined by RES. 


CSYNC 


I 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal 
which allows multiple 82C84A's to be synchronized to provide clocks 
that are in phase. When CSYNC is HIGH the internal counters are 
reset. When CSYNC goes LOW the internal counters are allowed to 
resume counting. CSYNC needs to be externally synchronized to EFI. 
When using the internal oscillator CSYNC should be hardwired to 
ground. 


GND 




GROUND. 


v C c 




POWER: +5V supply. 



FUNCTIONAL DESCRIPTION 



Oscillator 

The oscillator circuit of the 82C84A is designed pri- 
marily for use with an external parallel resonant, fun- 
damental mode crystal from which the basic operat- 
ing frequency is derived. 

The crystal frequency should be selected at three 
times the required CPU clock. X1 and X2 are the two 
crystal input crystal connections. For the most sta- 
ble operation of the oscillator (OSC) output circuit, 
two capacitors (C1 = C2) as shown in the waveform 
figures are recommended. The output of the oscilla- 
tor is buffered and brought out on OSC so that other 
system timing signals can be derived from this sta- 
ble, crystal-controlled source. 

Capacitors C1 , C2 are chosen such that their com- 
bined capacitance: 



CT = 



C1 «C2 
C1 + C2 



(Including stray capacitance) 



matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within 
the frequency tolerance specified by the crystal 
manufacturer. 



Clock Generator 

The clock generator consists of a synchronous di- 
vide-by-three counter with a special clear input that 
inhibits the counting. This clear input (CSYNC) al- 
lows the output clock to be synchronized with an 
external event (such as another 82C84A clock). It is 
necessary to synchronize the CSYNC input to the 
EFI clock external to the 82C84A. This is accom- 



plished with two Schottky flip-flops. The counter out- 
put is a 33% duty cycle clock at one-third the input 
frequency. 

The F/C input is a strapping pin that selects either 
the crystal oscillator or the EFI input as the clock for 
the -5- 3 counter. If the EFI input is selected as the 
clock source, the oscillator section can be used in- 
dependently for another clock source. Output is tak- 
en from OSC. 



Clock Outputs 

The CLK ouput is a 33% duty cycle MOS clock driv- 
er designed to drive the 80C86/88 processors di- 
rectly. PCLK is a TTL level peripheral clock signal 
whose output frequency is 1 / 2 that of CLK. PQLK has 
a 50% duty cycle. 



Reset Logic 

The reset logic provides a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the 
reset timing. The reset signal is synchronized to the 
falling edge of CLK. A simple RC network can be 
used to provide power-on reset by utilizing this func- 
tion of the 82C84A. 



READY Synchronization 

Two READY inputs (RDY1, RDY2) are provided to 
accommodate two Multi -Maste r s ystem busses. 
Each input h as a q ualifier (AEN1 and AEN2, respec- 
tively). The AEN signals validate their respective 
RDY sig nals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 
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Synchronization is required for all asynchronous ac- 
tive-going edges of either RDY input to guarantee 
that the RDY setup and hold times are met. InaEctive- 
going edges of RDY in normally ready systems do 
not require synchronization but must satisfy RDY 
setup and hold as a matter of proper system design. 



directly to flip-flop two at the falling edge of CLK, 
after which time the READY output will go inactive. 
This mode of operation is intended for use by asyn- 
chronous (normally not ready) devices in the system 
which cannot be guaranteed by design to meet the re- 
quired RDY setup timing, Trivcl. on each bus cycle. 



The ASYNC input defines two modes of READY 
synchronization operation. 



When ASYNC is LOW, two stages of synchroniza- 
tion are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first 
be synchronized to flip-flop one at the rising edge of 
CLK and then synchronized to flip-flop two at the 
next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized 



When ASYNC is HIGH, the first READY flip-flop is 
bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on 
the falling edge of CLK before they are presented to 
the processor. This mode is available for synchro- 
nous devices that can be guaranteed to meet the 
required RDY setup time. 



ASYNC can be changed on every bus cycle to se- 
lect the appropriate mode of synchronization for 
each device in the system. 



CLOCK N __ 








82C84A | 
CSYNC V 


231198-3 


































>!'■ 


Q 






D 

>! 


Q 




SYNCHRONIZE ;> ~~ 


— ISo— 












cm s— -* 


[?*- 
























** (TO OTHER 82C84AS) 



Figure 3. CSYNC Synchronization 



ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage . . ... . ... . . . ....... -0.5V to 7.0V 

Input Voltage Applied ........ -0.5V to V C c + 0.5V 

Output Voltage Applied -0.5V to V C c + 0.5V 

Storage Temperature - 65°C to + 1 50°C 

Ambient Temp. Under Bias 0°C to + 70°C 

Power Dissipation ..... 1 .0 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C- CHARACTERISTICS (T A = o cto+70 o c,Vce = 5V ±10%) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


tec 


Operating Supply Current 


82C84A 




10 


mA 


25MHzxtal,C L = 
15MHzxtal,C L = 


82C84A-5 




10 


mA 


tecs 


Stand By Supply Current (Note 1 ) 




100 


juA 




■>:;■■■■' 


Input 
Leakage 
Current 
(Note 2) 






10 


juiA 


ASYNC = V C c 


ASYNC 

Only .!..;.:' 




-130 


juiA 


ASYNC = GND 


All Other Pins 




±1.0 


ju, A 


Oy^ViN^Vcc 
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D.C. CHARACTERISTICS (Continued) 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input LOW Voltage 




0.8 


V 




V|H 


Input HIGH Voltage 


2.2 


V C c + 0.5 


V 




V|HR 


Reset Input HIGH Voltage 


0.6 V CC 




V 




Vol 


Output LOW Voltage 




0.4 


V 


CLK: Iql = 4mA 
Others: Iol = 2.5 mA 


VOH 


Output HIGH Voltage 


V C c - 0.4 




V 
V 


CLK:I h = ~4mA 
Others: Ioh = -2 -5 mA 


V|HR-V|LR 


RES Input Hysteresis: 82C84A 
82C84A-5 


0.15 
0.25 




V 
V 




C|N 


Input Capacitance 




7 


PF 


freq = 1 MHz 



NOTES: 



NUica: _ 

1 . V|h, F/C, X1 :> V C c ~ 0.2V; EFI = V C c or GND; ASYNC = V C c or OPEN; X2 = OPEN; V| L <; 0.2V. 

2. An internal pull-up resistor is implemented on the ASYNC input. 



A.C. CHARACTERISTICS (T A = o°cto +70°c, v C c = 5V ±10%) 



TIMING REQUIREMENTS 



Symbol 


Parameter 


82C84A 


82C84A-5 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


tEHEL 


External Frequency HIGH Time 


13 




20 




ns 


90%-90% V| N 


*ELEH 


External Frequency LOW Time 


13 




20 




ns 


10%-10%V, N 


*ELEL 


EFI Period 


40 




66 




ns 


(Notel) 




XTAL Frequency 


2.4 


25 


6.0 


15 


MHz 




tRIVCL 


RDY1 , RDY2 Active Setup to CLK 


35 




35 




ns 




ASYNC = HIGH 


tRWCH 


RDY1 , RDY2 Active Setup to CLK 


35 




35 




ns 




ASYNC = LOW 


tRWCL 


RDY1 , RDY2 Inactive Setup to CLK 


35 




35 




ns 




tCLRIX 


RDY1,RDY2HoldtoCLK 












ns 




tAYVCL 


ASYNC Setup to CLK 


50 




50 




ns 




tCLAYX 














ns 




ASYNC Hold to CLK 


tA1VR1V 


AEN1 , AEN2 Setup to RDY1 , RDY2 


15 




15 




ns 




tCLA1X 


AEN1,AEN2HoldtoCLK 












ns 




tYHEH 


CSYNC Setup to EFI 


20 




20 




ns 




tEHYL 


CSYNC Hold to EFI 


10 




20 




ns 




tYHYL 


CSYNC Width 


2»t EL EL 




2*t EL EL 




ns 




t|1HCL 


RES Setup to CLK 


65 




65 




ns 


(Note 2) 


tCLHH 


RES Hold to CLK 


20 




20 




ns 


(Note 2) 


tlLIH 


Input Rise Time 




15 




15 


ns 


(Notel) 


tlHIL 


Input Fall Time 




15 




15 


ns 


(Notel) 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


Min 82C84A 


Min 82C84A-5 


Max 


Units 


Test Conditions 


tCLCL 


CLK Cycle Period 


125 


200 




ns 




tCHCL 


CLK HIGH Time 


( 1 / 3 t C LCL) + 2 


( 1 /3tCLCL) + 2 




ns 




tCLCH 


CLK LOW Time 


( 2 / 3 t C LCL)-15 


( 2 / 3 t C LCL)-15 




ns 




tCH1CH2 
tCL2CL1 


CLK Rise or Fall Time 






10 


ns 


1.0V to 3.5V 


tpHPL 


PCLK HIGH Time 


tCLCL-20 


tCLCL-20 




ns 




tpLPH 


PCLK LOW Time 


tCLCL-20 


tCLCL-20 




ns 




tRYLCL 


Ready Inactive to 
CLK (Note 4) 


-8 


-8 




ns 




tRYHCH 


Ready Active to CLK 
(Note 3) 


( 2 / 3 tCLCL)-15 


( 2 / 3 tCLCL)-15 




ns 




tCLIL 


CLK to Reset Delay 






40 


ns 




tCLPH 


CLK to PCLK HIGH DELAY 






22 


ns 




tCLPL 


CLK to PCLK LOW Delay 






22 


ns 




tOLCH 


OSC to CLK HIGH Delay 


-5 


-5 


22 


ns 




tOLCL 


OSC to CLK LOW Delay 


2 


2 


35 


ns 




bLOH 


Output Rise Time 
(except CLK) 






15 


ns 


From 0.8V to 2.0V 


tOHOL 


Output Fall Time 
(except CLK) 






15 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Transition between V|L(max) - 0.4V and Vm(min) + 0.4V. 

2. Setup and hold necessary only to guarantee recognition at next clock. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



TEST POINTS — »-*-1.5V 



231198-4 



A.C. TESTING: ALL INPUT SIGNALS MUST SWITCH BETWEEN 
0.45V AND 2.4V. Trise AND T FAU _ MUST BE ^ 15 ns. 
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V. 



A.C. 


TESTING LOAD CIRCUIT 






-j- V L - 2.2SV 
< Rl -' 740O FOR ALL OUTPUTS 




DEVICE 

UNDER 

TEST 


< 


> EXCEPT CLK 

463A FOR CLOCK OUTPUT 

231198-5 
G CAPACITANCE 




c L = 

C L I 


= 100 pF FOR C 
= 30 pF FOR RE 
MCLUDES PROB 


ADY 
EANDJ 
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WAVEFORMS 

CLOCKS AND RESET SIGNALS 



tOLCHH^j (««- 





'-—JtX- 

tCM1CH8-M^ L-IOUCI. 



\ + — tctcM — H__l** 



-tCCHH H^ tliHCL- 



U-lCLPL 



t 



NOTE: 

ALL TIMING MEASUREMENTS ARE MADE AT 1.5V, UNLESS OTHERWISE NOTED. 



READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 



^ 



f 



tCLRIX 
IR1VCH— I 



\ 



■i 



1 ] 


f 


r^ 


r 








*«1VCL 






3 

tCLRIX 








} 


f 




tcuix 


! 




tCLAYX 


^ 


\ 




tBYLCL— »■ 


.«- 





231198-7 
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WAVEFORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 



CLK 
RDY1.2 


T ri 


I ] 


[ X — r \ 


\ . r~\ 


Ut tCLWX ■* 

- 


tmvcL 






«* — tmvcL— •► 




I 






— 


tCLRIX 


*A1VWV-** 








AEN1.2 
ASYNC 


1 


t 






r 


tAYVCL 








tCLAlX 


; 






1 
tCLAYX 


READY 












r 

r ■ 

"*•— tRYHCM— *► 




1 










tRYLCL ~*H 
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X1 CLK 

X2 

F/C 

CSYNC 




LOAD 
(SEE NOTE 1) 




-C t - 


24 MHz CD 














-C 2 





















Clock High and Low Time (Using XI, X2) 
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PULSE 
GENERATOR 


EFI CLK 

F/C 

CSYNC 




LOAD 
(SEE NOTE 1) 


Vcc 



















Clock High and Low Time (Using EFI) 
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Vcc 










231198-11 




L_ 


A"ENl CLK 

X1 

READY 
X2 

RDY2 OSC 

F/C 

AEN2 

CSYNC 




LOAD 
(SEE NOTE 1) 
















24 MHz CZ] 




LOAD 
(SEE NOTE 2) 








-C, - 


~c 2 










PULSE 

GENERATOR 

TRIGGER 




















i 






i 






- 


- 





















Ready to Clock (Using X1, X2) 

















231198-12 




PULSE 
GENERATOR 




EFI CLK 

F/C 

ATRl 

RDY2 

ATR5 

CSYNC READY 




LOAD 
(SEE NOTED 




Vcc 


















' 


1 




1— 






TRIGGER 

PULSE 

GENERATOR 


















LOAD 
(SEE NOTE 2) 


JT~ 





















Ready to Clock (Using EFI) 



NOTES: 

1.C L = 100pF 
2. C L = 30 pF 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 
tween this and the October 1 986 (order no. 231 1 98- 
003) data sheet. Please review this summary. 

1 . A diagram of the PLCC package was deleted. 



2. Test conditions for l<x s (stand by supply current) 
were clarified in Note 1 . 

3. t C LiiH (RES Hold to CLK) for 82C84A changed 
from 10 ns to 20 ns to reflect current testing. 

4. For the "Clocks and Reset Signals" diagram, all 
timing measurements voltages changed to 1.5V 
from 0.8V and 2.0V. 
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CHMOS BUS CONTROLLER 



Pin Compatible with Bipolar 8288 

Provides Support for 8086/88, 
80C86/88 

Low Power Operation 

— Ices = 100 juA 

— Ice = 10 mA 

Provides Advanced Commands for 
Multi-Master Busses 



3-State Command Output Drivers 

High Drive Capability 

Configurable for Use with an I/O Bus 

Single 5V Power Supply 

8 MHz Operation 
— 82C88-2 



The Intel 82C88-2 is a high performance CHMOS version of the 8288 bipolar bus controller. The 82C88-2 
provides command and control timing generation for 8086 architecture* systems. Static CHMOS circuit design 
ensures low operating power. The 82C88-2 high output drive capability eliminates the need for additional bus 
drivers. 

*NOTE: 

In this data sheet, all references to 8086 or 8086 architecture include: 8086/88 and 80C86/88. 
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Figure 1. Block Diagram 



Dvcc 




clkC 

SlC 3 

dt/rC 

aleC 

AEN C 
MROC C 
AMWCC 8 
MWTCC • 

GNOC 10 11 



17 I] MCE/PDEN 



5 16 U OEN 
*2C88* ^ 

6 15 ICEN 



14 3 INTA 
13 I]lORC 
12 3aIOWC 

Diowc 

240027-2 

Figure 2a. 82C88-2 20-Lead 
DIP Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Vcc 




POWER: + 5V supply. 


GND 




GROUND. 


So, ^T, §2 


1 


STATUS INPUT PINS: These pins are the status input pins from the 8086 or 8088 
processors. The 82C88-2 decodes these inputs to generate command and control 
signals at the appropriate time. When these pins are not in use (passive) they are all 
HIGH. (See chart under Command and Control Logic.) Internal pull-up resistors hold 
these lines HIGH when no other driving source is present. 


CLK 


1 


CLOCK: This is a clock signal from the 82C84A clock generator and serves to establish 
when command and control signals are generated. 


ALE 





ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address 
latches. This signal is active HIGH and latching occurs on the falling (HIGH to LOW) 
transition. ALE is intended for use with transparent D type latches. 


DEN 





DATA ENABLE: This signal serves to enable data transceivers onto either the local or 
system data bus. This signal is active HIGH. 


DT/R 





DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through 
the transceivers. A HIGH on this line indicates Transmit (write to I/O or memory) and a 
LOW indicates Receive (Read). 


AEN 


1 


ADDRESS ENABLE: AEN enables command outputs of the 82C88-2 Bus Controller at 
least Taelcv after it becomes active (LOW). AEN going inactive immediately 3-states the 
command output drivers. AEN does not affect the I/O command lines if the 82C88-2 is in 
the I/O Bus mode (IOB tied HIGH). 


CEN 


1 


COMMAND ENABLE: When this signal is LOW all 82C88-2 command outputs and the 
DEN and PDEN control outputs are forced to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 


IOB 


1 


INPUT/OUTPUT BUS MODE: When the IOB is strapped HIGH the 82C88-2 functions in 
the I/O Bus mode. When it is strapped LOW, the 82C88-2 functions in the System Bus 
mode. (See sections on I/O Bus and System Bus modes). 









AIOWC 


ADVANCED I/O WRITE COMMAND: The AIOWC issues an I/O Write Command earlier 
in the machine cycle to give I/O devices an early indication of a write instruction. Its 


timing is the same as a read command signal. AIOWC is active LOW. 


IOWC 





I/O WRITE COMMAND: This command line instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 


IORC 





I/O READ COMMAND: This command line instructs an I/O device to drive its data onto 
the data bus. This signal is active LOW. 


AMWC 





ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write 
command earlier in the machine cycle to give memory devices an early indication of a 
write instruction. Its timing is the same as read command signal. AMWC is active LOW. 


MWTC 





MEMORY WRITE COMMAND: This command line instructs the memory to record the 
data present on the data bus. This signal is active LOW. 


MRDC 


o 


MEMORY READ COMMAND: This command line instructs the memory to drive its data 
onto the data bus. This signal is active LOW. 


INTA 





INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its 
interrupt has been acknowledged and that it should drive vectoring information onto the 
data bus. This signal is active LOW. 


MCE/PDEN 





This is a dual function pin. 

MCE (IOB IS TIED LOW): Master Cascade Enable occurs during an interrupt sequence 

and serves to read a Cascade Address from a master PIC (Priority Interrupt Controller) 

onto the data bus. The MCE signal is active HIGH. 

PDEN (IOB IS TIED HIGH): Peripheral Data Enable enables the data bus transceiver for 

the I/O bus that DEN performs for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 



Command and Control Logic 

The command logicjdecodesjhe three 8086 or 8088 
CPU status lines (So, Sj, S2) to determine what 
command is to be issued. 

This chart shows the meaning of each status 
"word". 



S2 Si Sq 


Processor State 


82C88-2 Command 





Interrupt Acknowledge 


INTA 


1 


Read I/O Port 


IORC 


1 


Write I/O Port 


lOWC.AIOWC 
None 


1 1 


Halt 


1 


Code Access 


MRDC 


10 1 


Read Memory 


MRDC 


1 1 


Write Memory 


MWTC, AMWC 
None 


1 1 1 


Passive 



The command is issued in one of two ways depen- 
dent on the mode of the 82C88-2 Bus Controller. 

I/O Bus Mode — The 82C88-2 is in the I/O Bus 
mode if the IOB pin is strappe d HIGH. In the I/O Bus 
mode all I/O command lines (IORC, IOWC, AIOWC, 
INTA ) are always enabled (i.e., not dependent on 
AEN). When an I/O command is initiated by the 
processor, the 82C88- 2 imm ediately activates the 
command lines, using PDEN and DT/R to control 
the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 82C88-2 Bus Controller to handle 
two external busses. No waiting is involved when the 
CPU wants to gain access to the I/O bus. N ormal 
memory access requires a "Bus Ready" signal (AEN 
LOW) before it will proceed. It ■ is advantageous to 
use the IOB mode if I/O or peripherals dedicated to 
one processor exist in a multi-processor system. 

System Bus Mode — The 82C88-2 in the System 
Bus mode if the JOB pin is strapped LOW. In this 
mode no command is issued until Taelcv after the 
AEN Line is activated (LOW). This mode assumes 
bus arbitr ation logic will inform the bus controller (on 
the AEN line) when the bus is free for use. Both 
memory ahd I/O commands wait for bus arbitration. 
This models used when only one bus exists. Here, 
both I/O and memory are shared by more than one 
processor. 



COMMAND OUTPUTS 

The advanced write commands are made available 
to initiate write procedures early in the machine cy- 
cle. This signal can be used to prevent the proces- 
sor from entering an unnecessary wait state. 

The command outputs are: 
MRDC — Memory Read Command 
MWTC — Memory Write Command 
IORC — I/O Read Command 
IOWC — I/O Write Command 
AMWC — - Advanced Memory Write Command 
AIOWC — Advanced I/O Write Command 
INTA — Interrupt Acknowledge 



INTA (Interrupt Acknowledge) acts as an I/O read 
during an interrupt cycle. Its purpose is to inform an 
interrupting device that its interrupt is being acknowl- 
edged and that it should place vectoring information 
onto the data bus. 



CONTROL OUTPUTS 

The control outputs of the 82C88-2 are Data Enable 
(DEN), Data Transmit/ Receive (DT/R) and Master 
Casca de Enable/Peripheral Data Enable (MCE/ 
PDEN). The DEN signal determines when the exter- 
nal bus jshould be enabled onto the local bus and 
the DT/R determines the direction of data transfer. 
These two signals usually go to the chip select and 
direction pins of a transceiver. 



The MCE/PDEN pin changes function with the two 
modes of the 82C88-2. W hen the 82C88-2 is in the 
IOB mode (IOB HIGH) the PDEN signal serves as a 
dedicated data enable signal for the I/O or Peripher- 
al System bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

the MCE signal is used during an interrupt acknowl- 
edge cycle if the 82C88-2 is in the System Bus mode 
(IOB LOW). During any interrupt sequence there are 
two interrupt acknowledge cycles that occur back to 
back. During the first interrupt cycle no data or ad- 
dress transfers take place. Logic should be provided 
to mask off MCE during this cycle. Just before the 
second cycle begins the MCE signal gates a master 
Priority Interrupt Controller's (PIC) cascade address 
onto the processor's local bus where ALE (Address 
Latch Enable) strobes it into the address latches. On 
the leading edge of the second interrupt cycle the 
addressed slave P\C gates an interrupt vector onto 
the system data bus where it is read by the proces- 
sor. 

If the system contains only one PIC, the MCE signal 
is not used. In this case the second interrupt Ac- 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 150°C 

Supply Voltage 
with Respect to GND -0.5V to + 7.0V 

All Input Voltages 
with Respect to GND -0.5V to V C c + 0.5V 

All Output Voltages 

with Respect to GND -0.5V to V C c + 0.5V 

Power Dissipation 0.7W 



* Notice: Stresses above those listed under ''Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS (V cc - 


5V±10%, 


T A = 0°Cto70°C) 




Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


'cc 


Operating Supply Current 




10 


mA 


C L = pF 
tcLCL = 200 ns 


! CCS 


Standby Supply Current 




100 


jltA 


Outputs Unloaded (Note 1) 


V, H 


Input High Voltage 


2.2 


V CC + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




VCH 


V, H forClock,S0,5T,§2 


3.0 


Vcc + 0.3 


V 




V C L 


V| L for Clock, SO, ST,S2 


-0.3 


0.8 


V 




"LI 


Input Leakage Current 




±10 


juA 


0V <; V, N £ V C c (Note 2) 


Ilo 


Output Leakage Current 




±10 


jmA 


0V <. Vqut ^ Vcc 


•lis 


Status Input Current 


-100 


10 


JLtA 


ov <; v, N <. Vcc 


Vol 


Output Low Voltage: 
Command Outputs 
Control Outputs 




0.5 
0.45 


V 


Iol = 20 mA 
Iql = 8 mA 


Voh 


Output High Voltage: 
Command Outputs 
Control Outputs 


3.7 
3.7 




V 


Iqh = -8 mA 
Iqh = -4 mA 


Gin 


Input Capacitance 




7 


PF 


Freq. = 1 MHz 
Unmeasured pins at GND 


COUT 


Output Capacitance 




15 


PF 


Freq. = 1 MHz 
Unmeasured pins at GND 



NOTES: 

1 . Ices test_cqnditjons are: Status inputs @ Vcc. other inputs @ Vcc or GND, Outputs open. 

2. Except S , S-|, S 2 . 



knowledge signal gates the interrupt vector onto the 
processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each ma- 
chine cycle and serves to strobe the current address 
into the addressjatches. ALE also serves to strobe 
the status (So, S-j , S2) into a latch for halt state de- 
coding. 



COMMAND ENABLE 

The Command Enable (CEN) input acts as a com- 
mand qualifier for the 82C88-2. If the CEN pin is high 
the 82C88-2 functions normally. If the CEN pin is 
pulled LOW, all command lines are held in their inac- 
tive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate ad- 
dress conflicts between system bus devices and 
resident bus devices. 
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A.C. CHARACTERISTICS (V cc = 5V ±10%, T A = 0°cto70 o C)* 



82C88-2 TIMING REQUIREMENTS 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


fc 


CLK Frequency 




8 


MHz 




TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


66 




ns 




TCHCL 


CLK High Time 


40 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




TCHSV 


Status Inactive Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


35 




ns 




TCLSH 


Status Active Hold Time 


10 




ns 





82C88-2 TIMING RESPONSES 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions** 


TCVNV 


Control Active Delay 


5 


45 


ns 


a 

a 

a 

a 

DEN: a 
Command: b 

a 

a 

a 

b 

b 

a 

a 

c 

d 

b 

a 

a 

b 


TCVNX 


Control Inactive Delay 


5 


45 


ns 


TCLLH 


ALE Active Delay (from CLK) 




25 


ns 


TCLMCH 


MCE Active Delay (from CLK) 




25 


ns 


TMHNL 


Command to DEN Delay 


TCLCH-5 




ns 


TSVLH 


ALE Active Delay (from Status) 




25 


ns 


TSVMCH 


MCE Active Delay (from Status) 




30 


ns 


TCHLL 


ALE Inactive Delay 


4 


25 


ns 


TCLML 


Command Active Delay 


5 


35 


ns 


TCLMH 


Command Inactive Delay 


5 


45 


ns 


TCHDTL 


Direction Control Active Delay 




50 


ns 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


TAELCH 


Command Enable Time 




40 


ns 


TAEHCZ 


Command Disable Time 




40 


ns 


TAELCV 


Enable Delay Time 


100 


250 


ns 


TAEVNV 


AENtoDEN 




35 


ns 


TCEVNV 






35 


ns 


CEN to DEN, PDEN 


TCELRH 


CEN to Command 




TCLML +10 


ns 


TOLOH 


Output, Rise Time 




15 


ns 


a, b. From 0.8V to 2.2V 


TOHOL 


Output, Fall Time 




15 


ns 


a, b. From 2.2V to 0.8V 



**See Test Condition Definition Table. 
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TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 



OUTPUT FROM 
DEVICE - 
UNDER TEST 



V1 



R1 



TEST 
"POINT 



icr 



"Includes stray and jig capacitance 



Test Condition Definition Table 



Test 
Condition 


V1,v 


R1,ft 


C1,pf 


a 


2.13 


220 


80 


b 


2.29 


91 


150 


c 


1.5 


187 


150 


d 


1.5 


187 


50 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



1.5 <- TEST POINTS -* 1.5 



A.C. Testing: 

Input rise and fall times are: 

5 ns ±2 ns between 0.8V and 2.2V for AEN^CEN and IOB 
8 ns ±2 ns between 0.8V and 3.0V for S , S 1} S2 and CLK. 



2-219 



irteT 



82C88 



WAVEFORMS 



si.*,* 



* TCICI » __ _ 

- —Its 

H — TCtSH 






W (INTA) 



POEN (INTA) 



W5IS (WRITE) 



DT/R (READ) 
(INTA) 



T 



if 



1 



Z 



X 

7 



AOOR 
VALIO 



\ 



\ 



£7^ 

J*"*-* I— -TSVMCM 



X 



1 







\ 



/ 



A_ 



/ 



/ 



\ 



J 



f 



r 



\ 



\ 



v 



i 



A 



r 



f 



240027-5 

NOTES: 

1 . Address/ Data Bus is shown only for reference purposes. 

2. Leading edge of ALE and MCE is determined by the falling edge of CLK or Status going active, whichever occurs last. 
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WAVEFORMS (Continued) 

DEN, PDEN QUALIFICATION TIMING 




ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



t 



OUTPUT© 
COMMAND _ 




I 



J 



x_ 



\ 



NOTES: 

CEN must be low or valid prior to T2 to prevent the command from bein g gener ated. 

1 . All Command outputs when in system bus mode, MR DC, MWTC, and AMWC when in I/O bus mode. 
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Data Sheet Revision Review 

The following represents key differences between this and the previous 82C88. (Order No. 231 199-004) data 
sheet. Please review. 

1 . This component has been redesigned from 5 MHz to 8 MHz for higher performance. 



2-221 



iny 



8237A 

HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 

(8237A, 8237A-4, 8237A-5) 



Enable/Disable Control of Individual 
DMA Requests 

Four Independent DMA Channels 

Independent Autoinitialization of All 
Channels 

Memory-to-Memory Transfers 

Memory Block Initialization 

Address Increment or Decrement 

High Performance: Transfers up to 
1.6M Bytes/Second with 5 MHz 8237A-5 



Directly Expandable to Any Number of 
Channels 

End of Process Input for Terminating 
Transfers 

Software DMA Requests 

Independent Polarity Control for DREQ 
and DACK Signals 

Available in EXPRESS 

— Standard Temperature Range 

Available in 40-Lead Cerdip and Plastic 
Packages 

(See Packaging Spec, Order #231369) 



The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc- 
essor systems. It is designed to improve system performance by allowing external devices to directly transfer 
information from the system memory. Memory-to-memory transfer capability is also provided. The 8237A 
offers a wide variety of programmable control features to enhance data throughput and system optimization 
and to allow dynamic reconfiguration under program control. 

The 8237A is designed to be used in conjunction with an external 8-bit address latch. It contains four indepen- 
dent channels and may be expanded to any number of channels by cascading additional controller chips. The 
three basic transfer modes allow programmability of the types of DMA service by the user. Each chann el can 
be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). Each 
channel has a full 64K address and word count capability. 

The 8273A-4 and 8237A-5 are 4 MHz and 5 MHz versions of the standard 3 MHz 8237A respectively. 
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HLDA C 
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AEN C 

HRO C 
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CLK n 

RESET C 
DACK2 C 
DACK3 E 
DRE03 C 
DREQ2 C 
DREQ1 C 
DREQO C 
(GND)Vss C 



40 DAT 
39 J AS 
38 J AS 

37 3 A4 
36 3 E6> 
35 3 A3 
34 3 A2 
33 3 Af 

38 3 A0 

I 31 3 Vcc( + 5V) 
j.30 3 DBO 
$ 29 3 081 
28 3 DB2 

27 3 DB3 

28 3 DB4 
25 3 DACKO 
24 3 DACK1 
23 3 DBS 
22 3 »B8 
21 3 DB7 



TEMPORARY (8) 



231466-1 



231466-2 

Figure 2. Pin 
Configuration 



Figure 1. Block Diagram 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Vcc 




POWER: +5V supply. 


v S s 




GROUND: Ground. 


CLK 


I 


CLOCK INPUT: Clock Input controls the internal operations of the 
8237A and its rate of data transfers. The input may be driven at up 
to 3 MHz for the standard 8237A and up to 5 MHz for the 8237A-5. 


CS 


I 


CHIP SELECT: Chip Select is an active low input used to select 
the 8237A as an I/O device during the Idle cycle. This allows CPU 
communication on the data bus. 


RESET 


I 


RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/ 
last flip/flop and sets the Mask register. Following a Reset the 
device is in the Idle cycle. 


READY 


I 


READY: Ready is an input used to extend the memory read and 
write pulses from the 8237A to accommodate slow memories or 
I/O peripheral devices. Ready must not make transitions during its 
specified setup/hold time. 


HLDA 


I 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 


DREQ0-DREQ3 


I 


DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated 
by activating the DREQ line of a channel. DACK will acknowledge 
the recognition of DREQ signal. Polarity of DREQ is 
programmable. Reset initializes these lines to active high. DREQ 
must be maintained until the corresponding DACK goes active. 


DB0-DB7 


I/O 


DATA BUS: The Data Bus lines are bidirectional three-state 
signals connected to the system data bus. The outputs are 
enabled in the Program condition during the I/O Read to output 
the contents of an Address register, a Status register, the 
Temporary register or a Word Count register to the CPU. The 
outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 8237A control registers. 
During DMA cycles the most significant 8 bits of the address are 
output onto the data bus to be strobed into an external latch by 
ADSTB. In memory-to-memory operations, data from the memory 
comes into the 8237 A on the data bus during the read-from- 
memory transfer. In the write-to-memory transfer, the data bus 
outputs place the data into the new memory location. 


IOR 


I/O 


I/O READ: I/O Read is a bidirectional active low three-state line. \ 
In the Idle cycle, it is an input control signal used by the CPU to 
read the control registers. In the Active cycle, it is an output control 
signal used by the 8237A to access data from a peripheral during a 
DMA Write transfer. 


TOW 


I/O 


I/O WRITE: I/O Write is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to 
load information into the 8237A. In the Active cycle, it is an output 
control signal used by the 8237A to load data to the peripheral 
during a DMA Read transfer. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


EOP 


I/O 


END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of DMA services is 
available at the bidirectional )EOP pin. The 8237A allows an 

external signal to terminate an active DMA service. This is 

accomplished by pulling the EOP input low with an external EOP 
signal. The 8237A also generates a pulse when the terminal count 
(TC) for any channel is reached. This generates an EOP signal 
which is output through the EOP line. The reception of EOP, either 
internal or external, will cause the 8237A to terminate the service, 
reset the request, and, if Autoinitialize is enabled, to write the base 
registers to the current registers of that channel. The mask bit and 
TC bit in the status word will be set for the currently active channel 
by EOP unless the channel is programmed for Autoinitialize. In that 
case, the mask bit remains unchanged. During memory-to-memory 
transfers, EOP will be output when the TC for channel 1 occurs. 
EOP should be tied high with a pull-up resistor if it is not used to 
prevent erroneous end of process inputs. 


A0-A3 


I/O 


ADDRESS: The four least significant address lines are 
bidirectional three-state signals. In the Idle cycle they are inputs 
and are used by the CPU to address the register to be loaded or 
read. In the Active cycle they are outputs and provide the lower 4 
bits of the output address. 


A4-A7 





ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled 
only during the DMA service. 


HRQ 





HOLD REQUEST: This is the Hold Request to the CPU and is 
used to request control of the system bus. If the corresponding 
.mask bit is clear, the presence of any valid DREQ causes 8237A to 
issue the HRQ. 


DACK0-DACK3 





DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the 
individual peripherals when one has been granted a DMA cycle. 
The sense of these lines is programmable. Reset initializes them 
to active low. 


AEN 





ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the Upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers, AEN is active HIGH. 


ADSTB 





ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 


MEMR 





MEMORY READ: The Memory Read signal is an active low three- 
state output used to access data from the selected memory 
location during a DMA Read or a memory-to-memory transfer. 


MEMW 





MEMORY WRITE: The Memory Write is an active low three-state 
output used to write data to the selected memory location during a 
DMA Write or a memory-to-memory transfer. 


PIN5 


I 


PIN5: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish a logic high when the pin is left 
floating. It is recommended however, that PIN5 be connected to 
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FUNCTIONAL DESCRIPTION 

The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data in- 
terconnection paths are also shown. Not shown are 
the various control signals between the blocks. The 
8237A contains 344 bits of internal memory in the 
form of registers. Figure 3 lists these registers by 
name and shows the size of each. A detailed de- 
scription of the registers and their functions can be 
found under Register Description. 



Name 


Size 


Number 


Base Address Registers 


16 bits 




Base Word Count Registers 


16 bits 




Current Address Registers 


16 bits 




Current Word Count Registers 


16 bits 




Temporary Address Register 


16 bits 




Temporary Word Count Register 


16 bits 




Status Register 


8 bits 




Command Register 


8 bits 




Temporary Register 


8 bits 




Mode Registers 


6 bits 




Mask Register 


4 bits 




Request Register 


4 bits 





Figure 3. 8237A Internal Registers 

The 8237A contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 8237A. 
The Program Command Control block decodes the 
various commands given to the 8237A by the micro- 
processor prior to servicing a DMA Request. It also 
decodes the Mode Control word used to select the 
type of DMA during the servicing. The Priority En- 
coder block resolves priority contention between 
DMA channels requesting service simultaneously. 

The Timing Control block derives internal timing 
from the clock input. In 8237A systems, this input 
will usually be the <{>2 TTL clock from an 8224 or 
CLK from an 8085AH or 8284A. 33% duty cycle 
clock generators, however, may not meet the clock 
high time requirement of the 8237A of the same fre- 
quency. For example, 82C84A-5 CLK output violates 
the clock high time requirement of 8237 A-5. In this 
case 82C84A CLK can simply be inverted to meet 
8237A-5 clock high and low time requirements. For 
8085AH-2 systems above 3.9 MHz, the 8085 
CLK(OUT) does not satisfy 8237A-5 clock LOW and 
HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 



DMA OPERATION 

The 8237A is designed to operate in two major cy- 
cles. These are called Idle and Active cycles. Each 
device cycle is made up of a number of states. The 
8237A can assume seven separate states, each 
composed of one full clock period. State I (SI) is the 
inactive state. It is entered when the 8237A has no 



valid DMA requests pending. While in SI, the DMA 
controller is inactive but may be in the Program Con- 
dition, being programmed by the processor. State 
SO (SO) is the first state of a DMA service. The 
8237A has requested a hold but the processor has 
not yet returned an acknowledge. The 8237A may 
still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with 
normal timing, wait states (SW) can be inserted be- 
tween S2 or S3 and S4 by the use of the Ready line 
on the 8237A. Note that the data is transferred di- 
rectl yfro m th e I/O de vice to memor y (or v ice versa) 
with K5R and MEMW (or MEMR and IOW) being ac- 
tive at the same" time. The data is not read into or 
driven out of the 8237A in l/O-to-memory or memo- 
ry-to-l/O DMA transfers. 

Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read- 
from-memory half and the last four states (S21 , S22, 
S23, S24) for the write-to-memory half of the trans- 
fer. 



IDLE CYCLE 

When no channel is requesting service, the 8237A 
will enter the Idle cycle and perform "SI" states. In 
this cycle the 8237A will sample the DREQ lines ev- 
ery clock cycle to determine if any channel is re- 
guesting a DMA service. The device will also sample 
CS, looking for an attempt by the microprocessor to 
write or read the internal registers of the 8237A. 
When CS is low and HLDA is low, the 8237A enters 
the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part 
by reading from or writing to the internal registers. 
Address lines A0-A3 are inputs to the device and 
select w hich registers will be read or written. The 
IOR and IOW lines are used to select and time reads 
or writes. Due to the number and size of the internal 
registers, an internal flip-flop is used to generate an 
additional bit of address. This bit is used to deter- 
mine the upper or lower byte of the 16-bit Address 
and Word Count registers. The flip-flop is reset by 
Master Clear or Reset. A separate software com- 
mand can also reset this flip-flop. 

Special software commands can be executed by the 
8237A in the Program Condition. These commands 
are d ecoded as sets of addresses with the CS and 
IOW. The commands do not make use of the data 
bus. Instructions include Clear First/ Last Flip-Flop 
and Master Clear. 
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ACTIVE CYCLE 

When the 8237A is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 

Single Transfer Mode— In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto- 
initialize if the channel has been programmed to do 
so. 

DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed. In 8080A, 8085AH, 
8088, or 8086 system, this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 8237A and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 

Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 



Process (EOP) i$ encountered, DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitiafization will occur at the end of the service 
if the channel has been programmed for it. 

Demand Transfer Mode— In Demand Transfer 
mode the device is programme d to c ontinue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the I/O device has exhausted its data 
capacity. After the I/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 8237A Current A ddres s and Current 
Word Count registers. Only an EOP can c ause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. DREQ 
has to be low before S4 to prevent another Transfer. 

Cascade Mode— This mode is used to cascade 
more than one 8237A together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 8237A are connected to the DREQ and 
DACK signals of a channel of the initial 8237A. This 
allows the DMA requests of the additional device to 
propagate through the priority network circuitry of 
the preceding device. The priority chain is preserved 
and the new device must wait for its turn to acknowl- 
edge requests. Since the cascade channel of the 
initial 8237A is used only for prioritizing the addition- 
al device, it does not output any address or control 
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signals of its own. These could conflict with the put- 
puts of the active channel in the added device, the 
8237A will respond to DREQ and DACK but all other 
outputs except HRQ will be disabled. The ready in- 
put is ignored. 

Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA system. More 8237As 
could be added at the second level by using the 
remaining channels of the first level. Additional de- 
vices can also be added by cascading into the chan- 
nels of the second level device, forming a third level. 

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from an 
I/O device to the memory by activating MEMW and 
IOR. Read transfers move data fr om m emor y to an 
I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 8237A operates 
as in Read or Write transfers generating addresses, 
and responding to EOP, etc. However, the memory 
and I/O control lines all remain inactive. The ready 
input is ignored in verify mode. 

Memory-to-Memory — To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
8237A includes a memory-to-memory transfer fea- 
ture. Programming a bit in the Command register 
selects channels and 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel 0. The 
8237A requests a DMA service in the normal man- 
ner. After HLDA is true, the device, using four state 
transfers in Block Transfer mode, reads data from 
the memory. The channel Current Address register 
is the source for the address used and is decrement- 
ed or incremented in the normal manner. The data 
byte read from the memory is stored in the 8237A 
internal Temporary register. Channel 1 then per- 
forms a four-state transfer of the data from the Tem- 
porary register to memory using the address in its 
Current Address register and incrementing or decre- 
menting it in the normal manner. The channel 1 cur- 
rent Word Count is decremented. When the word 
count of chan nel 1 g oes to FFFFH, a TC is generat- 
ed causing an EOP output terminating the service. 

Channel may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 



The 8237A will respond to external EOP signals dur- 
ing memory-to-memory transfers. Data comparators 
in block search schemes may use this input to termi- 
nate the service when a match is found. The timing 
of memory-to-memory transfers is found in Figure 
1 2. Memory-to-memory operations can be detected 
as an active AEN with no DACK outputs. 

Autoinitialize — By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address an d Bas e Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be pro grammed identically. If in- 
terrupted externally, EOP pulses should be applied 
in both bus cycles. 

Priority — The 8237A has two types of priority en- 
coding available as software selectable options. The 
first is Fixed Priority which fixes the channels in pri- 
ority order based upon the descending value of their 
number. The channel with the lowest priority is 3 
followed by 2, 1 and the highest priority channel, 0. 
After the recognition of any one channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 

After completion of a service, HRQ will go inactive 
and the 8237A will wait for HLDA to go low before 
activating HRQ to service another channel. 

The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. - 



1st 
Service 
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1 «<- 
2 
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Service 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 

Compressed Timing—In order to achieve even 
greater throughput where system characteristics 
permit, the 8237A can compress the transfer time to 
two clock cycles. From Figure 1 1 it can be seen that 
state S3 is used to extend the access time of the 
read pulse. By removing state S3, the read pulse 
width is made equal to the write pulse width and a 
transfer consists only of state S2 to change the ad- 
dress and state S4 to perform the read/write. S1 
states will still occur when A8-A15 need updating 
(see Address Generation). Timing for compressed 
transfers is found in Figure 14. 

Address Generation— In order to reduce pin count, 
the 8237A multiplexes the eight higher order ad- 
dress bits on the data lines. State S1 is used to out- 
put the higher order address bits to an external latch 
from which they may be placed on the address bus. 
The falling edge of Address Strobe (ADSTB) is used 
to load these bits from the data lines to the latch. 
Address Enable (AEN) is used to enable the bits 
onto the address bus through a three-state enable. 
The lower order address bits are output by the 
8237A directly. Lines A0-A7 should be connected 
to the address bus. Figure 11 shows the time rela- 
tionships between CLK, AEN, ADSTB, DB0-DB7 
and A0-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 8237A executes S1 states only when 
updating of A8-A15 in the latch is necessary. This 
means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 



REGISTER DESCRIPTION 

Current Address Register— Each channel has a 
16-bit Current Address register. This register holds 
the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to its o rigina l value. Autoinitialize takes place 
only after an EOP. 



Current Word Register— Each channel has a 16- 
bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (i.e., programming a count of 1 00 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its o rigina l value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 

Base Address and Base Word Count Registers- 
Each channel has a pair of Base Address and Base 
Word Count registers/These 16-bit registers store 
the original value of their associated current regis- 
ters. During Autoinitialize these values are used to 
restore the current registers to their original values. 
The base registers are written simultaneously with 
their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. 
These registers cannot be read by the microproces- 
sor- 

Command Register— This 8-bit register controls 
the operation of the 8237A. It is programmed by the 
microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 

Mode Register— Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits and 1 determine which channel 
Mode register is to be written. 

Request Register— The 8237A can respond to re- 
quests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 
oritization by the Priority Encoder network. Each reg- 
ister bit is set or reset separately under software 
contr ol or i s cleared upon generation of a TC or ex- 
ternal EOP. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 
dress coding. In order to make a software request, 
the channel must be in Block Mode. 
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Command Register 


7 6 5 4 3 2 10 *+ Bit Number 

I II I I I I I I 
















| ( Memory-to-memory disable 

I 1 Memory-to-memory enable 
















[ Channel address hold disable 




IX If bit 0=0 














j Controller enable 




I 1 Controller disable 












| Normal timing 




— J 1 Compressed timing 

IX If bit 0=1 










| Fixed Drioritv 




< 1 Rotating priority 








( Late write selection 




IX If bit 3=1 






f DREQ sense active hiah 




' 1 DREQ sense active low 




| DACK sense active low 




M DACK sense active high 
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Mode Register 



7 6 5 4 3 2 10 



rm 



ns 



00 Channel select 

01 Channel 1 select 
Channel 2 select 
Channel 3 select 



r 00 Verify transfer 

| 01 Write transfer 

10 Read transfer 

I 11 Illegal 

I XX If bits 6 and 7= 11 

Autoinitialization disable 

1 Autoinitialization enable 



Address increment select 
Address decrement select 



00 Demand mode select 

01 Single mode select 
10 Block mode select 

, 1 1 Cascade mode select 

231466-6 



Request Register 



6 5 

CD 



3 2 

[T 



Don't Care 



^ 



00 Select channel 
Select channel 1 

10 Select channel 2 
Select channel 3 



~(? 



Reset request bit 
Set request bit 

231466- 



Mask Register— Each channel has associated with 
it a mask bit which can be set to disable the incom- 
ing DREQ. Each mas k bit i s set when its associated 
channel produces an EOP if the channel is not pro- 
grammed for Autoinitialize. Each bit of the 4-bit 
Mask register may also be set or cleared separately 
under software control. The entire register is also set 
by a Reset. This disables all DMA requests until a 
clear Mask register instruction allows them to occur. 
The instruction to separately set or clear the mask 
bits is similar in form to that used with the Request 
register. See Figure 5 for instruction addressing. 



7 6 5 4 3 2 1 0«< Bit Number 

I I I I II I I . I 


Don't Care 


— | — ' / 00 Select channel mask bit 

I J 01 Select channel 1 mask bit 

1 10 Select channel 2 mask bit 
\ 1 1 Select channel 3 mask bit 

f Clear mask bit 

I 1 Set mask bit 
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All four bits of the Mask register may also be written 
with a single command. 



7 6 5 4 3 2 1 

rrrr 



-Bit Number 



Don't Care 



^: 



Clear channel mask bit 
Set channel mask bit 



I Clear channel 1 mask bit 

I I Set channel 1 mask bit 



I Clear channel 2 mask bit 
I 1 Set channel 2 mask bit 



I Clear channel 3 mask bit 
I 1 Set channel 3 mask bit 
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Operation 


Signals 


CS lOR TOW A3 A2 A1 A0 


Command 


Write 





1 


10 


Mode 


Write 





1 


1 1 1 


Request 


Write 





1 


1 1 


Mask 


Set/Reset 





1 


1 1 


Mask 


Write 





1 


111 1 


Temporary 


Read 








1 110 1 


Status 


Read 








1 10 



Figure 5. Definition of Register Codes 

Status Register— The Status register is available to 
be read out of the 8237A by the microprocessor. It 
contains information about the status of the devices 
at this point. This information includes which chan- 
nels have reached a terminal count and which chan- 
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7 6 5 4 



2 1 « 






- Bit Number 



1 Channel has reached TC 

1 Channel 1 has reached TC 

1 Channel 2 has reached TC 

1 Channel 3 has reached TC 

1 Channel request 

1 Channel 1 request 

1 Channel 2 request 

1 Channel 3 request 
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nels have pending DMA requests. Bits 0-3 are set 
every ti me a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 

Temporary Register— The Temporary register is 
used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 

Software Commands— These are additional spe- 
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 



Clear First/Last Flip-Flop: This command must be 
executed prior to writing or reading new address 
or word count information to the 8237A. This ini- 
tializes the flip-flop to a known state so that sub- 
sequent accesses to register contents by the mi- 
croprocessor will address upper and lower bytes 
in the correct sequence. 

Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 8237A will enter the Idle 
cycle. 

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 

Figure 6 lists the address codes for the software 
commands. 
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Read Status Register 
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Write Command Register 
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Write Request Register 
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Write Single Mask Register Bit 
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Write Mode Register 
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Clear Byte Pointer Flip/Flop 
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1 


1 


1 





■■■■ 1 





Clear Mask Register 


1 ..-, ■'•■.'■• 


• -.v ;1 ,, . . 


''•i :v '"^ 


■ 1 ■ ' • 





' 1 ; 


Illegal 


1 


1 


1 


1 


1 





Write All Mask Register Bits 



Figure 6. Software Command Codes 
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Channel 


Register 


Operation 


Signals 


Internal 
Flip-Flop 


Data Bus 
DB0-DB7 


CS IOR lOW A3 A2 A1 AO 





Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 
1 

10 
10 

1 1 
10 1 

1 1 
10 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W0-W7 
W8-W15 


1 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 10 
1 10 

1 10 
1 10 

1 11 
1 11 

1 1 1 
1 1 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W0-W7 
W8-W15 


2 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 10 
1 10 

10 10 
1 10 

1 10 1 
10 1 ,0 1 

1 10 1 
1 1 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W0-W7 
W8-W15 


3 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 011 
1 110 

1 1 1 
1 110 

1 111 
1 111 

1 111 
10 111 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W0-W7 
W8-W15 



Figure 7. Word Count and Address Register Command Codes 
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PROGRAMMING 

The 8237A will accept programming from the host 
processor any time that HLDA is inactive; this is true 
even if HRQ is active. The responsibility of the host 
is to assure that programming and HLDA are mutual- 
ly exclusive. Note that a problem can occur if a DMA 
request occurs, on an unmasked channel while the 
8237A is being programmed. For instance, the CPU 
may be starting to reprogram the two byte Address 
register of channel 1 when channel 1 receives a 
DMA request. If the 8237A is enabled (bit 2 in the 
command register is 0) and channel 1 is unmasked, 
a DMA service will occur after only one byte of the 
Address register has been reprogrammed. This can 
be avoided by disabling the controller (setting bit 2 in 
the command register) or masking the channel be- 
fore programming any other registers. Once the pro- 
gramming is complete, the controller can be en- 
abled/unmasked. 

After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 



channels are unused. An invalid mode may force all 
control signals to go active at the same time. 

APPLICATION INFORMATION (Note 1 ) 

Figure 8 shows a convenient method for configuring 
a DMA system with the 8237A controller and an 
8080A/8085AH microprocessor system. The multh 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 
from a peripheral device. When the processor re- 
plies with a HLDA signal, the 8237 A takes control of 
the address bus, the data bus and the control bus. 
The address for the first transfer operation comes 
out in two bytes—the least significant 8 bits on the 
eight address outputs and the most significant 8 bits 
on the data bus. The contents of the data bus are 
then latched into an 8-bit latch to complete the full 
16 bits of the address bus. The 8282 is a high 
speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is up- 
dated only after a carry or borrow is generated in the 
least significant address byte. Four DMA channels 
are provided when one 8237A is used. 



ADDRESS BUS A0-A15 



BUSEN 
HLDA 
HOLD 



RESET 

MlMi 



->- 



o c 



1 1 



Q Q Q 



w 



A8-A1S 
MIT LATCH 



CONTROL. 
(BUS 



SYSTEM DATA BUS 



Figure 8. 8237A System Interface 



NOTE: 

1. See Application Note AP-67 for 8086 design information. 
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ABSOLUTE MAXIMUM RATINGS" 

Ambient Temperature under Bias 0°C to 70°C 

Case Temperature 0°C to +75°C 

Storage Temperature -65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to + 7V 

Power Dissipation 1.5 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

T A = 0°C to 70°C, TcaSE = 0°C to 75°C, V C c = +5.0V ±5%, GND 



0V 



Symbol 


Parameter 


Min 


Typ 
(Note 1) 


Max 


Unit 


Test Conditions 


V H 


Output High Voltage 


2.4 






V 


lOH = ~200juA 


3.3 






V 


Iqh = -100 jhA(HRQ Only) 


Vol 


Output LOW Voltage 






0.40 


V 


Iql r 3.2 mA 


V| H 


Input HIGH Voltage 


2.0 




V C C + 0.5 


V 




V|L 


Input LOW Voltage 


-0.5 




0.8 


V 




Ili 


Input Load Current 






±10 


fxA 


ov<;v, N <;Vcc 


Ilo 


Output Leakage Current 






±10 


jtxA 


0.45V <; Vqut £ Vcc 


'cc 


Vcc Supply Current 




110 


130 


mA 


T A = +25°C 




130 


150 


mA 


T A - o°c 


Co 


Output Capacitance 




4 


8 


PF 


fc= 1.0 MHz, Inputs = 0V 


C| 


Input Capacitance 




8 


15 


PF 


ClO 


I/O Capacitance 




10 


18 


PF 



NOTE: 

1 . Typical values are for Ta = 25°C, nominal supply voltage and nominal processing parameters. 
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AC. CHARACTERISTICS— DMA (MASTER) MODE 

T A = 0°C to 70°C, TcaSE = 0°C to 75°C, V C c = + 5V ±5%, GND = OV 



Symbol 


Parameter 


8237A 


8237A-4 


8237A-5 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


TAEL 


AEN HIGH from CLK LOW (ST) Delay Time 




300 




225 




200 


ns 


TAET 


AEN LOW from CLK HIGH (SI) Delay Time 




200 




150 




130 


ns 


TAFAB 


ADR Active to Float Delay from CLK HIGH 




150 




120 




90 


ns 


TAFC 






150 




120 




120 


ns 


READ or WRITE Float from CLK HIGH 


TAFDB 


DB Active to Float Delay from CLK HIGH 




250 




190 




170 


ns 


TAHR 




TCY-100 




TCY-100 




TCY-100 




ns 


ADR from READ HIGH Hold Time 


TAHS 


DB from ADSTB LOW Hold Time 


40 




40 




30 




ns 


TAHW 




TCY-50 




TCY-50 




TCY-50 




ns 


ADR from WRITE HIGH Hold Time 


TAK 


DACK Valid from CLK LOW Delay Time (Note 1 ) 




250 




220 




170 


ns 


EOP HIGH from CLK HIGH Delay Time (Note 2) 




250 




190 




170 


ns 


EOP LOW from CLK HIGH Delay Time 




250 




190 




170 


ns 


TASM 


ADR Stable from CLK HIGH 




250 




190 




170 


ns 


TASS 


DB to ADSTB LOW Setup Time 


100 




100 




100 




ns 


TCH 


Clock High Time (Transitions <> 1 ns) 


120 




100 




80 




ns 


TCL 


Clock LOW Time (Transitions ^ 1 ns) 


150 




110 




68 




ns 


TCY 


CLK Cycle Time 


320 




250 




200 




ns 


TDCL 






270 




200 




190 


ns 


CLK HIGH to READ or WRITE LOW Delay (Note 3) 


TDCTR 






270 




210 




190 


ns 


READ HIGH from CLK HIGH 
($4) Delay Time (Note 3) 


TDCTW 






200 




150 




130 


ns 


WRITE HIGH from CLK HIGH 
(S4) Delay Time (Note 3) 


TDQ1 
TDQ2 


HRQ Valid from CLK HIGH DeJay Time (Note 4) 




160 




120 




120 


ns 




250 




190 




120 


ns 


TEPS 


EOP LOW from CLK LOW Setup Time 


60 




45 




40 




ns 


TEPW 


EOP Pulse Width 


300 




225 




220 




ns 


TFAAB 


ADR Float to Active Delay from CLK HIGH 




250 




190 




170 


ns 


TFAC 






200 




150 




150 


ns 


READ or WRITE Active from CLK HIGH 


TFADB 


DB Float to Active Delay from CLK HIGH 




300 




225 




200 


ns 


THS 


HLDA Valid to CLK HIGH Setup Time 


100 




75 




75 




ns 


TIDH 



















ns 


Input Data from MEMR HIGH Hold Time 


TIDS 




250 




190 




170 




ns 


Input Data to MEMR HIGH Setup Time 


TODH 




20 




20 




10 




ns 


Output Data from MEMW HIGH Hold Time 


TODV 




200 




125 




125 




ns 


Output Data Valid to MEMW HIGH 


TQS 


DREQ to CLK LOW (SI, S4) Setup Time (Note 1 ) 

















ns 


TRH 


CLK to READY LOW Hold Time 


20 




20 




20 




ns 


TRS 


READY to CLK LOW Setup Time 


100 




60 




60 




ns 


TSTL 


ADSTB HIGH from CLK HIGH Delay Time 




200 




150 




130 


ns 


TSTT 


ADSTB LOW from CLK HIGH Delay Time 




140 




110 




90 


ns 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE 

T A = 0°C to 70°C, Tcase = 0°C to 75°C, V C c = +5V ±5%, GND = OV 



Symbol 


Parameter 


8237A 


8237A-4 


8237A-5 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


TAR 




50 




50 




50 




ns 


ADR Valid or CS LOW to READ LOW 


TAW 




200 




150 




130 




ns 


ADR Valid to WRITE HIGH Setup Time 


TCW 




200 




150 




130 




ns 


CS LOW to WRITE HIGH Setup Time 


TDW 




200 




150 




130 




ns 


Data Valid to WRITE HIGH Setup Time 


TRA 



















ns 


ADR or GS Hold from READ HIGH 


TRDE 






200 




200 




140 


ns 


Data Access from READ LOW (Note 5) 


TRDF 




20 


100 


20 


100 





70 


ns 


DB Float Delay from READ HIGH 


TRSTD 


Power Supply HIGH to RESET LOW Setup Time 


500 




500 




500 




ns 


TRSTS 




2TCY 




2TCY 




2TCY 




ns 


RESET to First IOWR 


TRSTW 


RESET Pulse Width 


300 




300 




300 




ns 


TRW 




300 




250 




200 




ns 


READ Width 


TWA 




20 




20 




20 




ns 


ADR from WRITE HIGH Hold Time 


TWC 




20 




20 




20 




ns 


CS HIGH from WRITE HIGH Hold Time 


TWD 




30 




30 




30 




ns 


Data from WRITE HIGH Hold Time 


TWWS 


Write Width 


200 




200 




160 




ns 


TWR 


End of Write to End of Read in DMA Transfer 

















ns 



NOTES: 

1 . DRE Q and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 

2. EOP is an op en collecto r output. This parameter assumes the presence of a 2.2K pullup to V<x- 

3. The net IQW or ME MW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. 
The net IOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

4. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value 
for TDQ2 assumes an external 3.3 Kft pull-up resistor connected from HRQ to Vcc- 

5. Output Loading on the Data Bus is 1 TTL Gate plus 100 pF capacitance. 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



^> TEST POINTS <~ 



231466-12 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0." Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0." Input timing parameters as- 
sume transition times of 20 ns or less. Waveform measurement 
points for both input and output signals are 2.0V for HIGH and 
0.8V for LOW, unless otherwise noted. 
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WAVEFORMS 

SLAVE MODE WRITE TIMING 



cs 



low 



X 




5 C 



A0-A3 



zx 



/ 



TWC 
(NOTE 1) 



)C 



-TWD 



X 



231466-13 

NOTE: 

1. Successive read and/or write operations by the external processor to program or examine the controller must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. 



Figure 9. Slave Mode Write 



SLAVE MODE READ TIMING 



■zx 



/■ 



ADDRESS MUST BE VALID 



X 



* 



X 



~TRA 
(NOTE 1) 



DATA OUT VALID 



231466-14 

NOTE: 

T. Successive read and/or write operations by the external processor to program or examine the controller must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. 



Figure 10. Slave Mode Read 
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WAVEFORMS (Continued) 
DMA TRANSFER TIMING 



IT- 
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NOTE: 

1. DREQ should be held active until DACK is returned. 



Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 
MEMORY-TO-MEMORY TRANSFER TIMING 



S11 S12 S13 S14 S21 S22 S23 $24 



■^sa. 



\ 



h" 




ADDRESS VALID 



TDCTRl* 

TIDH ■*■ 
I* TIDS 



'J 



/ 



)E 



TEPS ~-» 
TEPW 
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I-' 



ADDRESS VALID 
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u 



>- 



J///////// / 
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Figure 12. Memory-to-Memory Transfer 



READY TIMING 
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Figure 13. Ready 
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WAVEFORMS (Continued) 
COMPRESSED TRANSFER TIMING 
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Figure 14. Compressed Transfer 



RESET TIMING 
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Figure 15. Reset 
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DESIGN CONSIDERATIONS 

1. Cascading from channel zero. When using mul- 
tiple 8237s, always start cascading with channel 
zero. Channel zero of the 8237 will operate incor- 
rectly if one or more of channels 1 , 2, or 3 are 
used in the cascade mode while channel zero is 
used in a mode other than cascade. 

2. Do not treat the DREQ signal as an asynchro- 
nous Input while the channel Is In the "de- 
mand" or "cascade" modes. M DREQ becomes 
inactive at any time during state S4, an illegal 
state may occur causing the 8237 to operate im- 
properly. 

3. HRQ must remain active until HLDA becomes 
active. If HRQ goes inactive before HLDA is re- 
ceived the 8237 can enter an illegal state causing 
it to operate improperly. 

4. Make sure the MEMR# line has 50 pF loading 
capacitance on It. When doing memory to mem- 
ory transfers, the 8237 requires at least 50 pF 
loading capacitance on the MEMR# signal for 
proper operation, in most cases board capaci- 
tance is sufficient. 

5. Treat the READY Input as a synchronous In- 
put. If a transition occurs during the setup/hold 
window, erratic operation may result. 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 
tween this and the -002 data sheet. Please review 
this summary carefully. 

1. Major cleanup on the "NOTE" sections of this 
data sheet. 

a. Pin 5 no longer references a note. It is now 
included in the pin description area under the 
name "PIN5". 

b. The note placed in the "typical" section of the 
D.C. Characteristics table is now referenced to 
a note section included with that table. 

c. Notes in the A.C. Characteristics table have 
been renumbered and are included in a notes 
section for the A.C. Characteristics. 

d. The note that was previously referenced in the 
A.C. TESTING INPUT/OUTPUT WAVEFORM 
diagram has been replaced with the actual 
note. 

e. The note that was previously referenced in the 
SLAVE MODE WRITE TIMING diagram has 
been included in a "NOTE" section with the 
diagram. 

f. The note that was previously referenced in the 
SLAVE MODE READ TIMING diagram has 
been included in a "NOTE" section with the dia- 
gram. 

g. The note that was previously referenced in the 
DMA TRANSFER TIMING diagram has been 
included in a "NOTE" section with the diagram. 

2. A "Design Considerations" section was added to 
alert designers to certain design aspects of the 
8237. 

3. The timing parameters TAR for the 8237A-4 and 
8237A-5 have been changed from 50 ns to ns. 
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CHMOS HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 



Pin Compatible with NMOS 8237A-5 

Enable/Disable Control of Individual 
DMA Requests 

Fully Static Design with Frequency 
Range from DC to 5 MHz 

Low Power Operation 

Four Independent DMA Channels 

Independent Autoinitialization of all 
Channels 

Memory-to-Memory Transfers 

Memory Block Initialization 



Address Increment or Decrement 

High performance: 5 MHz Speed 
Transfers up to 1.6 MBytes/Second 

Directly Expandable to any Number of 
Channels 

End of Process Input for Terminating 
Transfers 

Software DMA Requests 

Independent Polarity Control for DREQ 
and DACK Signals 

Available in 40-Lead Plastic DIP 



The Intel 82C37A-5 Multimode Direct Memory Access (DMA) Controller is a CHMOS peripheral interface 
circuit for microprocessor systems. It is designed to improve system performance by allowing external devices 
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid- 
ed. The 82C37A-5 offers a wide variety of programmable control features to enhance data throughput and 
system optimization and to allow dynamic reconfiguration under program control. 

The 82C37A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four 
independent channels and may be expanded to any number of channels by cascading additional controller 
chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each chann el 
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 
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Figure 1. Block Diagram 
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I5r C 


~ V «•" 


DA7 




low C 


2 39 


3 A6 




mema C 


3 36 


3 A6 




MEMW C 


4 37 


3M 




WN5 C 


5 36 


new 




READY C 


6 35 


3 A3 




MLDA L 


7 34 


3 A2 




AOSTB C 


8 33 


UA1 




AEN C 


9 82C37A-5 32 


DAO 




HRQ C 


10 31 


D Vcc< + 5V) 




cs c 


,11 30 


D DBO 




CLK £ 


12 29 


DOB1 




RESET t 


13 26 


D OB2 




OACK2 C 


14 27 


3 OB3 




OACK3 C 


15 26 


D OB4 




OREQ3 C 


16 25 


3 OACKO 




OREQ2 C 


17 24 


D OACK1 




ORE01 C 


18 23 


D OB5 




DREQO C 


19 22 3 OB6 
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20 21 


DOB7 
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figure 2. 82C37A-5 
40-Lead DIP Configuration 



2-242 



inter 



82C37A-5 



Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Voc 




POWER: +5 volt supply. 


v S s 




GROUND: Ground. 


CLK 


I 


CLOCK INPUT: Clock Input controls the internal operations of the 
82C37A-5 and Its rate of data transfers. The input may be driven at 
up to 5 MHz for the 82C37A-5. 


CS 


I 


CHIP SELECT: Chip Select is an active low input used to select the 
82C37A-5 as an I/O device during the Idle cycle. This allows CPU 
communication on the data bus. 


RESET 


I 


RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/last 
flip-flop and sets the Mask register. Following a Reset the device is 
in the Idle cycle. 


READY 


I 


READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37A-5 to accommodate slow memories or 
I/O peripheral devices. Ready must not make transitions during its 
specified setup/hold time. 


HLDA 


I 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 


DREQ0-DREQ3 


I 


DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest priority 
and DREQ3 has the lowest priority. A request is generated by 
activating the DREQ line of a channel. DACK will acknowledge the 
recognition of DREQ signal. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. DREQ must be 
maintained until the corresponding DACK goes active. 


DB0-DB7 


I/O 


DATA BUS: The Data Bus lines are bidirectional three-state signals 
connected to the system data bus. The outputs are enabled in the 
Program condition during the I/O Read to output the contents of an 
Address register, a Status register, the Temporary register or a 
Word Count register to the CPU. The outputs are disabled and the 
inputs are read during an I/O Write cycle when the CPU is 
programming the 82C37A-5 control registers. During DMA cycles 
the most significant 8 bits of the address are output onto the data 
bus to be strobed into an external latch by ADSTB. In memory-to- 
memory operations, data from the memory comes into the 
82C37A-5 on the data bus during the read-from-memory transfer. In 
the write-to-memory transfer, the data bus outputs place the data 
into the new memory location. 


I5R 


I/O 


I/O READ: I/O Read is a bidirectional active low three-state line. In 
the Idle cycle, it is an input control signal used by the CPU to read 
the control registers. In the Active cycle, it is an output control signal 
used by the 82G37A-5 to access data from a peripheral during a 
DMA Write transfer. 


low 


I/O 


I/O WRITE: I/O Write is a bidirectional active low three-state line. In 
the Idle cycle, it is an input control signal used by the CPU to load 
information into the 82C37A-5. In the Active cycle, it-is an output 
control signal used by the 82C37A-5 to load data to the peripheral 
during a DMA Read transfer. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


EOP 


I/O 


END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of DMA services is 
available at the bidirectional EOP pin. The 82C37A-5 allows an 
external signal tp terminate an active DMA service. This is 
accomplished by pulling the EOP input low with an external EOP 
signal. The 82C37A-5 also generates a pulse when the terminal 

count (TC) for any channel is reached. This generates an EOP_ 

signal which is output through the EOP Line. The reception of EOP, 
either internal or external, will cause the 82C37A-5 to terminate the 
service, reset the request, and, if Autoinitialize is enabled, to write 
the base registers to the current registers of that channel. The mask 
bit and TC bitiirthe status word will be set for the currently active 
channel by EOP unless the channel is programmed for 
Autoinitialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, EOP will be output when the TC for 
channel 1 occurs. EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous end of process inputs. 


A0-A3 


I/O 


ADDRESS; The four least significant address lines are bidirectional 
three-state signals. In the Idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 


A4-A7 





ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled only 
during the DMA service. 


HRQ 





HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control of the system bus. If the corresponding mask bit 
is clear, the presence of any valid DREQ causes 82C37A-5 to issue 
the HRQ. After HRQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 


DACK0-DACK3 





DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the 
individual peripherals when one has been granted a DMA cycle. The 
sense of these lines is programmable. Reset initializes them to 
active low, 


AEN 





ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADSTB 





ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 




o 


MEMORY READ: The Memory Read signal is an active low three- 
state output used to access data from the selected memory location 
during a DMA Read or a memory-to-memory transfer. 


MEMR 







MEMORY WRITE: The Memory Write is an active low three-state 
output used to write data to the selected memory location during a 
DMA Write or a menriory-to-memory transfer. 


MEMW 


PIN5 


I 


PIN5: This pin should always be at a logic HIGH, level. An internal 
pull-up resistor will establish a logic HIGH when the pin is left 
floating. It is recommended, however, that PIN5 be connected to 
v cc . 
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FUNCTIONAL DESCRIPTION 

The 82C37A-5 block diagram includes the major log- 
ic blocks and all of the internal registers. The data 
interconnection paths are also shown. Not shown 
are the various control signals between the blocks. 
The 82C37A-5 contains 344 bits of internal memory 
in the form of registers. Figure 3 lists these registers 
by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 



Name 


Size 


Number 


Base Address Registers 


16 bits 


4 


Base Word Count Registers 


16 bits 


4 


Current Address Registers 


16 bits 


4 


Current Word Count Registers 


16 bits 


4 


Temporary Address Register 


16 bits 


1 


Temporary Word Count Register 


16 bits 


1 


Status Register 


8 bits 


1 


Command Register 


8 bits 


1 


Temporary Register 


8 bits 


1 


Mode Registers 


6 bits 


4 


Mask Register 


4 bits 


1 


Request Register 


4 bits 


1 



Figure 3. 82C37A-5 Internal Registers 

The 82C37A-5 contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 82C37A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37A-5 by the mi- 
croprocessor prior to servicing a DMA Request. It 
also decodes the Mode Control word used to select 
the type of DMA during the servicing. The Priority 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 



DMA Operation 

The 82C37A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cyqle is made up of a number of states. 
The 82C37A-5 can assume seven separate states, 
each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the 
82C37A-5 has no valid DMA requests pending. 
While in S1, the DMA controller is inactive but may 
be in the Program Condition, being programmed by 
the processor. State (SO) is the first state of a 
DMA service. The 82C37A-5 has requested a hold 
but the processor has not yet returned ah acknowl- 
edge. The 82C37A-5 may still be programmed until it 
receives HLDA from the CPU. An acknowledge from 
the CPU will signal that DMA transfers may begin. 
S1, S2, S3 and S4 are the working states of the 
DMA service. If more time is needed to complete a 



transfer than is available with normal timing, wait 
states (SW) can be inserted between S2 or S3 and 
S4 by the use of the Ready line on the 82C37A-5. 
Note that the data is transferred directly from the 
I/O dev ice t o mem ory (o r vice versa) with 1CR and 
MEMW (or MEMR and IGW) being active at the 
same time. The data is not read into or driven out of 
the 82C37A-5 in l/O-to-memory or memory-to-l/O 
DMA transfers. 

Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read- 
from-memory half and the last four states (S21 , S22, 
S23, S24) for the write-to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 
82C37A-5 will enter the Idle cycle and perform "SI " 
states. In this cycle the 82C37A-5 will sample the 
DREQ lines every clock cycle to determine if any 
channel is requesting a DMA service. The device will 
also sample CS, looking for an attempt by the micro- 
processor to write orjead the internal registers of 
the 82C37A-5. When CS is low and HLDA is low, the 
82C37A-5 enters the Program Condition. The CPU 
can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers/Address lines A0-A3 are inputs to 
the device and select which registers will be read or 
written. The IOR and IOW lines are used to select 
and time reads or writes. Due to the number and size 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16- 
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. A separate soft- 
ware command can also reset this flip-flop. 

Special software commands can be executed by the 
82C37A-5 in the Program Condition. These com- 
mands are d ecoded as sets of addresses with the 
CS and IOW. The commands do not make use of 
the data bus. Instructions include Clear First/Last 
Flip-Flop and Master Clear. 

ACTIVE CYCLE 

When the 82C37A-5 is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
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will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 

Single Transfer Mode — In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto- 
initialize if the channel has been programmed to do 
so. 

DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed, in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 82C37A-5 and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 

Block Transfer Mode — In Block Transfer mode 
the device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 

Demand Transfer Mode — In Demand Transfer 
mode the device is programme d to c ontinue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the I/O device has exhausted its data 
capacity. After the I/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37A-5 Current Addre ss and Current 
Word Count registers. Only an EOP can c ause an 
Autojnitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. 

Cascade Mode — This mode is used to cascade 
more than one 82C37A-5 together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 82C37A-5 are connected to the DREQ and 
DACK signals of a channel of the initial 82C37A-5. 
This allows the DMA requests of the additional de- 
vice to propagate through the priority network cir- 
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan- 
nel of the initial 82C37A-5 is used only for prioritizing 
the additional device, it does not output any address 



or control signals of its own. These could conflict 
with the outputs of the active channel in the added 
device. The 82C37A-5 will respond to DREQ and 
DACK but all other outputs except HRQ will be dis- 
abled. The ready input is ignored. 

Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two (evel DMA system. More 
82C37A-5s could be added at the second level by 
using the remaining channels of the first level. Addi- 
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 



MICROPROCESSOR 




1ST LEVEL 




82C37A-5 

HRQ 
HLDA 




HRO DREQ 
HLOA OACK 
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HRQ 
HLDA 

82C37A-S 








INITIAL DEVICE 





ADDITIONAL 
DEVICES 



Figure 4. Cascaded 82C37A-5S 



TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move d ata from and 
J/fO device to the memory by activating MEMW and 
IOR. Read transfers move data fr om m emor y to an 
I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 82C37A-5 oper- 
ates as in Read c-r Write transfers generating ad- 
dresses, and responding to EOP, etc. However, the 
memory and I/O control lines all remain inactive. 
The ready input is ignored in verify mode. 

Memory-to-Memory — To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
82C37A-5 includes a memory-to-memdry transfer 
feature. Programming a bit in the Command register 
selects channels to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel 0. The 
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82C37A-5 requests a DMA service in the normal 
manner. After HLDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channel Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel 1 go es to FFFFH, a TC is 
generated causing an EOP output terminating the 
service. 

Channel may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 

The 82C37A-5 will respond to external EOP signals 
during memory-to-memory transfers. Data compara- 
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-to-memory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 

Autoinitialize — By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address an d Bas e Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be pro grammed identically. If in- 
terrupted externally, EOP pulses should be applied 
in both bus cycles. 

Priority — The 82C37A-5 has two types of priority 
encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, 0. 
After the recognition of any one channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 

The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 
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Service 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 

Compressed Timing — In order to achieve even 
greater throughput where system characteristics 
permit, the 82C37A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state S4 to perform the read/write. 
S1 states will still occur when A8-A15 need updat- 
ing (see Address Generation). Timing for com- 
pressed transfers is found in Figure 14. 

Address Generation — In order to reduce pin 
count, the 82C37A-5 multiplexes the eight higher or- 
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the 
latch. Address Enable (AEN) is used to enable the 
bits onto the address bus through a three-state en- 
able. The lower order address bits are output by the 
82C37A-5 directly. Lines A0-A7 should be connect- 
ed to the address bus. Figure 11 shows the time 
relationships between CLK, AEN, ADSTB, DB0- 
DB7 and A0-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 82C37A-5 executes S1 states only 
when updating of A8-A15 in the latch is necessary. 
This means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 



REGISTER DESCRIPTION 

Current Address Register — Each channel has a 
16-bit Current Address register. This register holds 
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the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to Its' o rigina l value. Autoinitialize takes place 
only after an EOP. 

Current Word Register — Each channel has a 16- 
bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (i.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its o rigina l value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 

Base Address and Base Word Count Registers 

■—Each channel has a pair of Base Address and 
Base Word Count registers. These 16-bit registers 
store the original value of their associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val- 
ues. The base registers are written simultaneously 
with their corresponding current register in 8Tbit 
bytes in the Program Condition by the microproces- 
sor. These registers cannot be read by the micro^ 
processor. 

Command Register — This 8-bit register controls 
the operation of the 82C37A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 

Mode Register -—Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits and 1 determine which channel 
Mode register is to be written. 

Request Register — The 82C37A-5 can respond to 
requests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 
oritization by the Priority Encoder network. Each 



register bit is set or reset separately under software 
contr ol or i s cleared upon generation of a TC or ex- 
ternal EOP. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 



Command Register 

7 6 5 4 3 2 1 



M 



Mode Register 

7 6 5 4 3 2 1 




Memory-to-memory disable 

1 Memory-to-memory enable 

Channel address hold disable 

1 Channel address hold enable 
X If bit 0=0 

[ Controller enable 

I 1 Controller disable 

Normal timing 

1 Compressed timing 
X If bit 0=1 

I Fixed priority 

I 1 Rotating priority 

IP Late write selection 

1 Extended write selection 

X If bit 3=1 

[ DREQ sense active high 

I 1 DREQ sense active low 

[ DACK sense active low 

I 1 DACK sense active high 



-Bit Number 



00 Channel select 

01 Channel 1 select 

10 Channel 2 select 

11 Channel 3 select 

00 Verify transfer 

01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7 * 11 

Autoinitialization disable 

1 Autoinitialization enable 

Address increment select 

1 Address decrement select 

00 Demand mode select 

01 Single mode select 

10 Block mode select 

11 Cascade mode select 



Request Register 

7 6 5 4 3 2 1 



Don't Care 



j ( 00 Select channel 

I j 01 Select channel 1 

110 Select channel 2 

1 11 Select channel 3 



| Reset request bit 
I 1 Set request bit 

231202-5 
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dress coding. In order to make a software request, 
the channel must be in Block Mode. 

Mask Register — Each channel has associated 
with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is s et when its asso- 
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4- 
bit Mask register may also be set or cleared sepa- 
rately under software control. The entire register is 
also set by a Reset. This disables all DMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad- 
dressing. 



7 6 5 4 3 2 1 0«* Bit Number 


L I I I I 


I I I 


Don't Care 


— i — fOO Select channel mask bit 

I I 01 Select channel 1 mask bit 

1 10 Select channel 2 mask bit 

\ 1 1 Select channel 3 mask bit 




( Clear mask bit 

1 1 Set mask bit 
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All four bits of the Mask register may also be written 
with a single command. 



7 6 5 4 3 2 10- 



H 



Clear channel mask bit 

1 Set channel mask bit 

{0 Clear channel 1 mask bit 

1 Set channel 1 mask bit 

I Clear channel 2 mask bit 

t 1 Set channel 2 mask bit 

(0 Clear channel 3 mask bit 

1 Set channel 3 mask bit 
231202-7 



Register 


Operation 


Signals 








CS IOR IOW A3 A2 A1 A0 


Command 


Write 


1 10 


Mode 


Write 


1 10 11 


Request 


Write 


1 10 1 


Mask 


Set/Reset 


10 10 10 


Mask 


Write 


1 1111 


Temporary 


Read 


1 110 1 


Status 


Read 


1 10 



Figure 5. Definition of Register Codes 



Status Register — The Status register is available 
to be read out of the 82C37A-5 by the microproces- 
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending DMA requests. Bits 0-3 are 
set ever y time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 



7 6 5 4 3 2 10- 



D 



- 1 Channel has reached TC 

- 1 Channel 1 has reached TC 

- 1 Channel 2 has reached TC 

- 1 Channel 3 has reached TC 



Channel request 
Channel 1 request 
Channel 2 request 
Channel 3 request 

231202-8 



Temporary Register — The Temporary register is 
used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 

Software Commands — These are additional spe- 
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 

Clear First/Last Flip-Flop: This command is exe- 
cuted prior to writing or reading new address or 
word count information to the 82C37A-5. This ini- 
tializes the flip-flop to a known state so that subse- 
quent accesses to register contents by the micro- 
processor will address upper and lower bytes in 
the correct sequence. 

Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/ Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37A-5 will enter the 
Idle cycle. 

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 
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Figure 6 lists the address codes for the software 
commands: 



Signals 


Operation 


A3 


A2 


At 


AO 


iCHR 


IOW 
















1 


Read Status Register 










6 


1 





Write Command Register 










.. A 





1 


Illegal 




6 





1 


1 





Write Request Register 







1 








1 


Illegal 







1 





1 





Write Single Mask Register Bit 







1 


1 





1 


Illegal 







1 


1 


1 





Write Mode Register 















1 


Illegal 












1 





Clear Byte Pointer Flip-Flop 









1 





1 


Read Temporary Register 









1 


1 





Master Clear 






1 








1 


Illegal 






1 





1 





Clear Mask Register 






1 


1 





1 


Illegal 






1 


1 


1 





Write All Mask Register Bits 



PROGRAMMING 

The 82C37A-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLDA are 
mutually exclusive. Note that a problem can occur if 
a DMA request occurs, on an unmasked channel 
whjle the 82C37A-5 is being programmed. For in- 
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan- 
nel 1 receives a DMA request. If the 82C37A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked* a DMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 



Figure 6. Software Command Codes 



Channel 


Register 


Operation 


Signals 
CS IOR IOW A3 A2 A1 AO 


Internal Flip-Flop 


Data Bus DB0-DB7 





Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 
10 
1 
1 
10 1 
1 1 
1 1 
1 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 
W0-W7 
W8-W15 
W0-W7 
W8-W15 


1 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 10 

01 10 
1 10 
00 10 1 
1 1 1 
1 1 1 
1 11 
1 1 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 
W0-W7 
W8-W15 
W0-W7 
W8-W15 


2 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


10 10 
1 10 
1 10 
00 1 1 
1 1 6 1 
1 1 1 
10 10 1 
1 10 1 




1 



1 
o 
1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 
W0-W7 
W8-W15 
W0-W7 
W8-W15 


3 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 110 
1 110 
10 110 
1 11 
1 111 
1 1 11 
1 111 
1 11 1 




1 



1 



1 



1 


A0-A7 
A8-A15 
A0-A7 
A8-A15 
WQ-W7 
W8-W15 
W0-W7 
W8-W15 



Figure 7. Word Count and Address Register Command Codes 
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After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 



APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37A-5 controller and an 
8080A/8085AH microprocessor system. The multi- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 



from a peripheral device. When the processor re- 
plies with a HLDA signal, the 82C37A-5 takes con- 
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes — the least significant 8 bits 
on the eight address outputs and the most signifi- 
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37A-5 is used. 



ADDRESS BUS A0-A1 5 



BUSEN 
HLDA 
HOLD 



MEMU 
MEMW O 
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DBO- 
DB7 



w 



}■ 



I CONTROL 
| BUS 



SYSTEM DATA BUS 
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Figure 8. 82C37A-5 System Interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias . .... .0°C to 70°C 

Case Temperature . , ,. ....... . , . 0°Q to + 75°C 

Storage Temperature . . . . . -55°C to .+ 150°C 

Voltage on Any Pin with 
Respect to Ground . -0.5V to +7V 

Power Dissipation ,. . ... ............. . . ... 1 .0 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may clause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification Is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended y periods may affect device reliability. 



D.C. CHARACTERISTICS 

T A - 0°C to 70°C, TcASE = 0°C to 75°C, V CC 


- +5.0V ±5%,GND 


- OV 




Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


V 0H 


Output High Voltage 


3.7 






V 


Ioh = -1.0 mA 


Vol 


Output LOW Voltage 






0.40 


V 


Iql = 3.2 mA 


v, H 


Input HIGH Voltage 


2.2 




V C c + 0.5 


V 




V|L 


Input LOW Voltage 


-0.5 




0.8 


V 




Ili 


Input Load Current 






±10 


jLlA 


0V^V, N ^Vcc 


Ilo 


Output Leakage Current 






±10 


fiA 


OV^VouT^Vcc 


•cc 


Vqc Supply Current 






10 


mA 


(Notel) 


ices 


Standby Supply Current 






10 


JLtA 


HLDA = 0V, V| L = 0V, 
V|H = Vqc 


Co 


Output Capacitance 




4 


8 


PF 


fc= 1.0 MHz, Inputs = 0V 


C| 


input Capacitance 




8 


15 


PF 


Cio 


I/O Capacitance 




10 


18 


pF 
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A.C. CHARACTERISTICS—DMA (MASTER) MODE 

T A = 0°C to 70"C, Tcase = 0°C to 75"C, V C c = +5V ±5%, GND = OV 



Symbol 


Parameter 


Mln 


Max 


Unit 


TAEL 


AEN HIGH from CLK LOW (S1) Delay Time 




200 


ns 


TAET 


AEN LOW from CLK HIGH (SI) Delay Time 




130 


ns 


TAFAB 


ADR Active to Float Delay from CLK HIGH 




90 


ns 


TAFC 


READ or WRITE Float from CLK HIGH 




120 


ns 


TAFDB 


DB Active to Float Delay from CLK HIGH 




170 


ns 


TAHR 


ADR from READ HIGH Hold Time 


TCY-100 




ns 


TAHS 


DB from ADSTB LOW Hold Time 


30 




ns 


TAHW 


ADR from WRITE HIGH Hold Time 


TCY-50 




ns 


TAK 


DACK Valid from CLK LOW Delay Time (Note 3) 




170 


ns 


EOP HIGH from CLK HIGH Delay Time (Note 4) 




170 


ns 


EOP LOW from CLK HIGH Delay Time 




170 


ns 


TASM 


ADR Stable from CLK HIGH 




170 


ns 


TASS 


DB to ADSTB LOW Setup Time 


100 




ns 


TCH 


Clock High Time (Transitions £ 10 ns) 


68 




ns 


TCL 


Clock LOW Time (Transitions^ 10 ns) 


68 




ns 


TCY 


CLK Cycle Time 


200 




ns 


TDCL 


CLK HIGH to READ or WRITE LOW Delay (Note 2) 




190 


ns 


TDCTR 


READ HIGH from CLK HIGH 
(S4) Delay Time (Note 2) 




190 


ns 


TDCTW 


WRITE HIGH from CLK HIGH 
(S4) Delay Time (Note 2) 




130 


ns 


TDQ1 


HRQ Valid from CLK HIGH Delay Time 




120 


ns 


TEPS 


EOP LOW from CLK LOW Setup Time 


40 




ns 


TEPW 


EOP Pulse Width 


220 




ns 


TFAAB 


ADR Float to Active Delay from CLK HIGH 




170 


ns 


TFAC 


READ or WRITE Active from CLK HIGH 




150 


ns 


TFADB 


DB Float to Active Delay from CLK HIGH 




200 


ns 


THS 


HLDA Valid to CLK HIGH Setup Time 


75 




ns 


TIDH 


Input Data from MEMR HIGH Hold Time 







ns 


TIDS 


Input Data to MEMR HIGH Setup Time 


170 




ns 


TODH 


Output Data from MEMW HIGH Hold Time 


10 




ns 


TODV 


Output Data Valid to MEMW HIGH 


125 




ns 


TQS 


DREQ to CLK LOW (SI, S4) Setup Time (Note 3) 







ns 


TRH 


CLK to READY LOW Hold Time 


20 




ns 


TRS 


READY to CLK LOW Setup Time 


60 




ns 


TSTL 


ADSTB HIGH from CLK HIGH Delay Time 




130 


ns 


TSTT 


ADSTB LOW from CLK HIGH Delay Time 




90 


ns 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE 

T A = 0°C to 70°C, Tcase = 0°C to 75°G, Vcc = +5V ±5%, GND =* OV 


Symbol 


Parameter 


Min 


Max 


Unit 


TAR 


ADR Valid or CS LOW to READ LOW 


50 




ns 


TAW 


ADR Valid to WRITE HIGH Setup Time 


130 




ns 


TCW 


CS LOW to WRITE HIGH Setup Time 


130 




ns 


TDW 


Data Valid to WRITE HIGH Setup Time 


130 




ns 


TRA 


ADR or CS Hold from READ HIGH 







ns 


TRDE 


Data Access from RtAD LOW 




140 


ns 


TRDF 


DB Float Delay from READ HIGH 





70 


ns 


TRSTD 


Power Supply HIGH to RESET LOW Setup Time 


500 




ns 


TRSTS 


RESET to First IOWR 


2TCY 




ns 


TRSTW 


RESET Pulse Width 


300 




ns 


TRW 


READ Width 


200 




ns 


TWA 


ADR from WRITE HIGH Hold Time 


20 




ns 


TWO 


CS HIGH from WRITE HIGH Hold Time 


20 




ns 


TWD 


Data from WRITE HIGH Hold Time 


30 




ns 


TWWS 


Write Width 


160 




ns 



NOTES: 

1. Input fre quen cy 5 MHz, when RESET, Vjn == 0V/Vcc» Cl - pF.- 

2. The net IQW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-1 00 ns. The 
net K5R or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

3. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode for DREQ and 
ac tive l ow for PACK. 

4. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vqc- 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



TEST POINTS 



231202-11 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0." All timing measurements are made at 1.5V. 
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WAVEFORMS 

SLAVE MODE WRITE TIMING 



es 



~x 



15W 






INPUT VALID 
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Figure 9. Slave Mode Write 



SLAVE MODE READ TIMING 
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Figure 10. Slave Mode Read 
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WAVEFORMS (Continued) 
DMA TRANSFER TIMING 
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Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 
MEMORY-TO-MEMORY TRANSFER TIMING 
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Figure 12. Memory-to-Memory Transfer 
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Figure 13. Ready 
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WAVEFORMS (Continued) 
COMPRESSED TRANSFER TIMING 
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Figure 14. Compressed Transfer 



RESET TIMING 
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Figure 15. Reset 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 



I.The "PRELIMINARY" markings have been re- 
moved from the data sheet. The 82C37A-5 is no 
longer a preliminary part, 
tween this and the -004 data sheet. Please review 2. A section of the Functional Description describing 
this summary carefully. 82C37A*5 operation with the 8085 CPU has been 

deleted. 
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PROGRAMMABLE INTERRUPT CONTROLLER 
(8259A/8259A-2) 



8086, 8088 Compatible 
MCS-80®, MCS-85® Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 
Programmable Interrupt Modes 
Individual Request Mask Capability 



Single + 5V Supply (No Clocks) 

Available in 28-Pin DIP and 28-Lead 
PLCC Package 

(See Packaging Spec, Order #231369) 

Available in EXPRESS 

— Standard Temperature Range 

— Extended Temperature Range 



The Intel 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. 
It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin 
DIP, uses NMOS technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter- 
rupts. It has several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate 
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 
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Table 1. Pin Description 


Symbol 


Pin No. 


Type 


Name and Function 


Vcc 


28 


I 


SUPPLY: +5V Supply. 


GND 


14 


I 


GROUND 


55 


1 


I 


CHIP SELECT: A low on this pin enables RD and WR communication 
between the CPU and the 8259A. INTA functions are independent of 
CS. 


WR 


2 


"■ i . ; 


WRITE: A low on this pin when CS is low enables the 8259A to accept 
command words from the CPU. 


RD 


3 


i 


READ: A low on this pin when CS is low enables the 8259A to release 
status onto the data bus for the CPU. 


D 7 -D 


4-11 


I/O 


BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector 
information is transferred via this bus. 


CAS -CAS 2 


12,13,15 


I/O 


CASCADE LINES: The CAS lines form a private 8259A bus to control 
a multiple 8259A structure. These pins are outputs for a master 8259A 
and inputs for a slave 8259A. 


SP/EN 


16 


i/o 


SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. 
When in the Buffered Mode it can be used as an output to control 
buffer transceivers (EN). When not in the buffered mode it is used as 
an input to designate a master (SP = 1) or slave (SP = 0), 


iNT 


17 





INTERRUPT: This pin goes high whenever a valid interrupt request is 
asserted. It is used to interrupt the CPU, thus it is connected to the 
CPU's interrupt pin. 


IR0-IR7 


18-25 


I 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request 
is executed by raising an IR input (low to high), and holding it high until 
it is acknowledged (Edge Triggered Mode), or just by a high level on an 
I R input (Level Triggered Mode). 


INTA 


26 


I 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 8259A 
interrupt-vector data onto the data bus by a sequence of interrupt 
acknowledge pulses issued by the CPU. 


A 


27 


I 


AO ADDRESS LINE: This pin acts in conjunction with the CS, WR, and 
RD pins. It is used by the 8259A to decipher various Command Words 
the CPU writes and status the CPU wishes to read. It is typically 
connected 16 the CPU AO address line (A1 for 8086, 8088). 
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FUNCTIONAL DESCRIPTION 



Interrupts in Microcomputer Systems 

Microcomputer system design requires that 1.0 de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in a an efficient 
manner so that large amounts of the total system 
tasks can be assumed by the microcomputer with 
little or no effect on throughput. 

The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 

This method is called Interrupt It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 
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Figure 3a. Polled Method 
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Figure 3b. Interrupt Method 
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The 8259A is a device specifically designed for use 
in real time, interrupt driven microcomputer systems. 
It manages eight levels or requests and has buiIMn 
features for expandability to other 8259A's (up to 64 
levels). It is programmed by the system's software 
as an I/O peripheral. A selection of priority modes is 
available to the programmer so that the manner in 
which the requests are processed by the 8259A can 
be configured to match his system requirements. 
The priority modes can be changed or reconfigured 
dynamically at any time during the main program. 
This means that the complete interrupt structure can 
be defined as required, based on the total system 
environment. 



INTA (INTERRUPT ACKNOWLEDGE) 



INTA pulses will cause the 8259A to release vector- 
ing information onto the data bus. The format of this 
data depends on the system mode (jtxPM) of the 
8259A. 



DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 



INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service (ISR). The IRR is used 
to store all the interrupt levels which are requesting 
service; and the ISR is used to store all the interrupt 
levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorites of the bits 
set in the IRR. The highest priority is selected and 
strob ed into the corresponding bit of the ISR during 
INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower quality. 

INT (INTERRUPT) 

This output goes directly to the GPU interrupt input. 
The Voh levef on this line is designed to be fully 
compatible with the 8080A, 8085A and 8086 input 
levels. 



READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 8259A to 
be transferred onto the Data Bus. 



CS (CHJP SELECT) 

A LOW on this input enables the 8259A. No reading 
or writing of the chip will occur unless the device is 
selected. 



WR (WRITE) 

A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 8259A, 



RD(READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 



A 

This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 
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Figure 4a. 8259 A Block Diagram 
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Figure 4b. 8259A Block Diagram 



2-264 



int^r 



8259A 



THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 8259A's used in the system. The associated 
three I/O pins (CASO-2) are outputs when the 8259A 
is used as a master and are inputs when the 8259A 
is used as a slave. As a master, the 8259A sends 
the ID of the interrupting slave device onto the 
CAS0-? lines. The slave thus selected will send its 
preprogrammed subroutine address onto the Data 
Bus during the next one or two consecutive INTA 
pulses. (See section "Cascading the 8259A".) 



INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcom- 
puter system are its programmability and the inter- 
rupt routine addressing capability. The latter allows 
direct or indirect jumping to the specific interrupt rou- 
tine requested without any polling of the interrupting 
devices. The normal sequence of events during an 
interrupt depends on the type of CPU being used. 

The events occur as follows in an MCS-80/85 sys- 
tem: 

1 . One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the correspond- 
ing IRR bit(s). 

2. The 8259A evaluates these requests, and sends 
an INT to the CPU, if appropriate. 

3. The CP U ack nowledges the INT and responds 
with an INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 8259A will also release a 
CALL instruction code (1 1001 101) onto the 8-bit 
Data Bus through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU 
group. 

6. These two INTA pulses allow the 8259A to re- 
lease its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 



leased at the first INTA pulse and t he hig her 8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re- 
leased by the 8259A. In the AEOI m ode t he ISR 
bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 

The events occuring in an 8086 system are the 
same until step 4. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 

5. The 8086 will initiate a second INTA pulse. Dur- 
ing this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI 
mod e the ISR bit is reset at the end of the sec- 
ond INTA pulse. Otherwise, the ISR bit remains 
set until an appropriate EOI command is issued 
at the end of the interrupt subroutine. 

If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) 
the 8259A will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 

When the 8259A PIC receives an interrupt, INT be- 
comes active and an interrupt acknowledge cycle is 
started. If a higher priority interrupt occurs between 
the two INTA pulses, the INT line goes inactive im- 
mediately after the second INTA pulse. After an un- 
specified amount of time the INT line is activated 
again to signify the higher priority interrupt waiting 
for service. This inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys- 
tem which uses the 8259A. It is recommended that 
proper asynchronous design techniques be fol- 
lowed. 



2-265 



iny 



8259A 



INTA 



''- d O 



DATA 

BUS 

BUFFER 



O 



READ/ 
WRITE 
LOGIC 



CS- 

CASO 
-CAS'1 
CAS 2 

SP/EN 



CASCADE 

illiiillti 
comparator 



CONTROL LOGIC 



2 



IN 

SERVICE 

REG 

(ISR) 



AX PRIORITY 
^y RE SOLVER 



o 



c 



n 



INTERRUPT 

REQUEST 

REG 

(IRR) 
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Figure 4c. 8259A Block Diagram 
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This seq uence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt Vector Byte 

D7 D6 D5 D4 D3 D2 D1 DO 

CALL CODE 



1 



1 1 



1 



Figure 5. 8259A Interface to 
Standard System Bus 



During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro- 
grammed, while A0-A4 are automatically inserted by 
the 8259A. When Interval = 8 only A6 and A 7 are 
programmed, while A0-A5 are automatically insert- 
ed. 
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Content of Second Interrupt Vector Byte 



IR 


Interval = 4 




D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


A5 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A5 





1 











A7 


A6 


A5 
















IR 


Interval = 8 




D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


7 


A7 


A6 


1 


1 1 











6 


A7 


A6 


1 


1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A6 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 














A7 


A6 


















During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (A8-A15), is 
enabled onto the bus. 

Content of Third Interrupt Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 



composed as follows (note the state of the ADI 
mode control is ignored and A5-A1 1 are unused in 
8086 mode): 

Content of Interrupt Vector Byte 
for 8086 System Mode 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


17 


T6 


T5 


T4 


T3 








1 


IRO 


T7 


T6 


T5 


T4 


T3 












A15 


A14 


A13 


A12 


A11 


A10 


A9 


A8 



PROGRAMMING THE 8259A 

The 8259 A accepts two types of command words 
generated by the CPU: 

1. Initialization Command Words (ICWs): Before 
normal operation can begin, each 8259A in the 
system must be brought to a starti ng po int — by a 
sequence of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 8259A 
to operate in various interrupt modes. These 
modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259A anytime 
after initialization. 



8086,8088 

8086 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is 
similar to that of MCS-80, 85 systems in that the 
8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it 
issues the interru pt code on the cascade lines at the 
end of the INTA pulse. On this first cycle it does not 
issue any data to the processor and leaves its data 
bus buffers disabled. On the second interrupt ac- 
knowledge cycle in 8086 mode the master (or slave 
if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code 



INITIALIZATION COMMAND WORDS 
(ICWS) 

General 

Whenever a command is issued with A0 = and D4 
?= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the intiitalization se- 
quence during which the following automatically oc- 
cur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in- 
put must make a low-to-high transition to gener- 
ate an interrupt. 
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b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is 
set to IRR. 

f. If IC4 = 0, then all functions selected in ICW4 
are set to zero. (Non-Buffered mode*, no Auto- 
EOI, MCS-80, 85 system). 

♦NOTE: 

Master/Slave in ICW4 is only used in the buffered 
mode. 



Initialization Command Words 1 and 2 
(ICW1JCW2) 

A5-A15: Page starting address of service routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced at 
intervals of 4 or 8 memory locations, thus the 8 rou- 
tines will occupy a page of 32 or 64 bytes, respec- 
tively. 

The address format is 2 bytes long (Aq-Ai 5). When 
the routine interval is 4, Aq-A 4 are automatically in- 
serted by the 8259A, while A5-A15 are programmed 
externally. When the routine interval is 8, A0-A5 are 
automatically inserted by the 8259A, while Ae.-A-is 
are programmed externally. 

The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 

In an 8086 system A15-A11 are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according 
to the interrupt level. A10-A5 are ignored and ADI 
(Address interval) has no effect. 

LTIM: If LTIM - 1, then the 8259A will operate in 
the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then inter- 
val = 4; ADI = then interval = 8. 

SNGL: Single. Means that this is the only 8259A in 
the system. If SNGL - 1 no ICW3 will be 
issued. 

IC4: If this bit is set— ICW4 has to be read. If 
ICW4 is not needed, set IC4 =? 0. 



Initialization Command Word 3 (ICW3) 

This word is read only when there is more than one 
8259A in the system and cascading is used, in which 



case SNGL = 0. It will load the 8-bit slave register. 
The functions of this register are: 

a. In the master mode (either when SP = 1, or in 
buffered mode when M/S = 1 in ICW4) a "1 " is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS- 
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 8086 only byte 
2) through the cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF 
= 1 and M/S = in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes.2 and 3 of 
the call sequence (or just byte 2 for 8086) are 
released by it on the Data Bus. 



icwi 



ICW2 



NO (SINQL = 1) 




NO (IC4 « 0) 


>^ IS ICW4 ^S. 




V. NEEDED ^r 
J YES (IC4 = 1) 


ICW4 | 








■ ... ' 


r - 




READY TO ACCEPT 
INTERRUPT REQUESTS 



231468-9 



Figure 6. Initialization Sequence 
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Initialization Command Word 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode 
is programmed. 

If BUF = 1 the buffered mode is pro- 
grammed. In buffered mode 3P/ER be- 
comes an enable output and the master/ 
slave determination is by M/S. 

If buffered mode is selected: M/S = 1 
means the 8259A is programmed to be a 



BUF: 



M/S: 



master, M/S = means the 8259A is pro- 
grammed to be a slave. If BUF = 0, M/S 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed, 

jxPM: Microprocessor mode: /xPM =* sets the 
8259A for MCS-80, 85 system operation, 
ftPM = 1 sets the 8259A for 8086 system 
operation. 



ICWM 

u, o 4 o 3 



i 



LTIM 



ADI 



SNGL 



IC4 



A Q 0, 0, 0* 4 3 D, 







1 ICW4 NEEDED 
0= NO ICW4 NEEDED 



1 = SINGLE 

* CASCADE MODE 



CALL ADDRESS INTERVAL 
1 "INTERVAL OF 4 
0* INTERVAL OF 8 



1 = LEVEL TRIGGERED MODE 
= EDGE TRIGGERED MODE 



A 7 -A 5 of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/ 85 MODE ONLY) 



231468-10 



A 15 -A 8 OF INTERRUPT 
VECTOR ADDRESS 

(MCS80/85 MODE) 
T7-T3 OF INTERRUPT 
VECTOR ADDRESS 

(8086/8088 MODE) 



231468-11 



Figure 7. Initialization Command Word Format 
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ICW3 (MASTER DEVICE) 



*o 





; 


C 


S 


A 


, a 


4 





3 


°2 





1 


°0 




1 


s 7 


S 6 


*S 


s 4 


S 3 


h 


s, 


A. 




































1 - IR INPUT HAS A SLAVE 
0= IR INPUT DOES NOT HAVE 
A SLAVE 







































ICW3 ISLAVE DEVICE) 



Ap Dy Dg Ofr D4 D3 O2 Di Do 



SFNM BUF M/S AEOI ^PM 



1 = 8086/8088 MODE 
= MCS-80/85MODE 



1 - AUTO EOI 
- NORMAL EOI 



_X 

1 J> 

1 1 



NON BUFFERED MODE 
BUFFERED MODE/SLAVE 
BUFFERED MODE/MASTER 
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\ 


0, 


°* 


°s 


D 4 


°J 


° ? 





1 


D 







1 

















ID, 


ID, 


,O 




































SLAVE IDPI 











1 


2 


3 


4 


s 


6 


7 









1 





1 





1 





1 




















1 


1 








r 


1 


























1 


1 


1 


1 










1 
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1 = SPECIAL FULLY NESTED 

MODE 
■ NOT SPECIAL FULLY 

NESTED MODE 



231468-14 



NOTE: ...,^,.,,.. 

Slave ID is equal to the corresponding master IR input. 



Figure 7. Initialization Command Word Format (Continued) 
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OPERATION COMMAND WORDS 
(OCWS) 

After the Initialization Command Words (ICWs) are 
programmed into the 8259A, the chip is ready to ac- 
cept interrupt requests at its input lines. However, 
during the 8259A operation, a selection of algo- 
rithms can command the 8259A to operate in vari- 
ous modes through the Operation Command Words 
(OCWs). 



Operation Control Words (OCWs) 

OCW1 
AO 

m 








D7 


D6 


D5 D4 


D3 D2 D1 


DO 


|M7 


M6 


M5 M4 


M3 M2 M1 


MO 








OCW2 








R 


SL 


EOI 


L2 L1 


LO 








OCW3 











ESMM 


SMM 


1 P RR 


RIS 



% 


D 7 





6 





s 


D« 


D 3 


°2 


D, 


C 


^0 




i 


M7 


M6 


M5 


M4 


M3 


M2 


M1 


MO 












































INTERRUPT MASK 
1 = MASK SET 
0= MASK RESET 
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OCA 2 
D s D, D 3 D ? 






R 


SL 


EOI 








L ? 


h 


L o 












































IR LEVEL TO BE 
ACTED UPON 













1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








1 


1 


























1 


1 


1 


1 








































■' 




1 


i 




END OF INTERRUPT 
AUTOMATIC ROTATION 
SPECIFIC ROTATION 












1 


NON-SPECIFIC EOICOMMANO 1 
SPECIFIC EOI COMMAND J 
ROTATE ON NON-SPECIFIC EOI COMMAND \ 
ROTATE IN AUTOMATIC EOI MODE (SET) V 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) J 
•ROTATE ON SPECIFIC EOI COMMAND 1 
•SET PRIORITY COMMAND J 
NO OPERATION 







1 


1 




1 





1 




1 





















1 


1 


1 




1 


1 










1 























•LC 


KL2 


ARI 


EUSED 
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Figure 8. Operation Command Word Format 
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Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7-M0 represent the eight 
mask bits. M ='• 1 indicates the channel is masked 
(inhibited), M = indicates the channel is enabled. 



Operation Control Word 2 (OCW2) 

R, SL, EOI— These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 

L-2, Li , Lo— These bits determine the interrupt level 
acted upon when the SL bit is active. 





A o 


D 7 


D « °5 


OCW3 
D, .D 3 D ? D, 


D o 


























e$mm 


SMM 





1 


P 


RR 


RIS 


































READ REGISTER COMMAND 















1 





1 




, 














1 


l 












NO ACTION 


READ 
IR REG 
ON NEXT 
RO PULSE 


READ 
IS REG 
ON NEXT 
RD PULSE 
















1= POLL COMMAND 
0=NO POLL COMMAND 






















SPECIAL MASK MODE 











1 





1 






















1 


1 














NO ACTION 


RESET 
SPECIAL 

MASK 


SET 
SPECIAL 

MASK 
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Figure 8. Operation Command Word Format (Continued) 
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Operation Control Word 3 (OCW3) 

ESMM— Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = the SMM bit 
becomes a "don't care". 

SMM— Special Mask Mode. If ESMM = 1 and SMM 
= 1 the 8259A will enter Special Mask Mode. If 
ESMM = 1 and SMM = the 8259A will revert to 
normal mask mode. When ESMM = 0, SMM has no 
effect. 



When a mode is used which may disturb the fully 
nested structure, the 8259A may no longer be able 
to determine the last level acknowledged. In this 
case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and L0-L2 is the binary 
level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 8259A is in the Special Mask Mode. 



Fully Nested Mode 

This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority from through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt (which will be acknowl- 
edged only if the microprocessor internal Interupt 
enable flip-flop has been re-enabled through soft- 
ware). 

After the initialization sequence, IRO has the highest 
prioirity and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 



End of Interrupt (EOI) 

The In Service (IS) bit can be reset either automati- 
cally fo llowin g the trailing edge of the last in se- 
quence INTA pulse (when AEOI bit in ICW1 is set) or 
by a command word that must be issued to the 
8259A before returning from a service routine (EOI 
command). An EOI command must be issued twice 
if in the Cascade mode, once for the master and 
once for the corresponding slave. 

There are two forms of EOI command: Specific and 
Non-Specific. When the 8259A is operated in modes 
which perserve the fully nested structure, it can de- 
termine which IS bit to reset on EQI. When a Non* 
Specific EOI command is issued the 8259A will auto- 
matically reset the highest IS bit of those that are 
set, since in the fully nested mode the highest IS 
level was necessarily the last level acknowledged 
and serviced. A non-specific EOI can be issued with 
OCW2 (EOI =M, SL = 0, R = 0). 



Automatic End of Interrupt (AEOI) 
Mode 

If AEOI = 1 in ICW4, then the 8259A will operate in 
AEOI mode continuously until reprogrammed by 
ICW4. in this mode the 8259A will automatically per- 
form a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 8086). Note that 
from a system standpoint, this mode should be used 
only when a nested multilevel interrupt structure is 
not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A 
and not a slave. 8259As with a copyright date of 
1985 or later will operate in the AEOI mode as a 
master or a slave. 



Automatic Rotation 
(Equal Priority Devices) 

In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (IR4 the highest prioirity requiring 
service) 



187 IS6 


186 


184 


183 


IS2 


181 180 


-18 


|o|i 


•1 


•'■ 


o 


1° 


0|0| 


"IS" Status 
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Lowott Priority 

d 






HlQhMt Priority 


-19 


M» 


5 I 


* 


3 


HL 


-TM 


Priority Status 










231468- 
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After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 



IS7 ise iss 


IS4 


IS3 


IS2 


IS1 


ISO 


|0|,|0 


• 


o 


o 


o 


3 


"IS" Status 
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Hlgtott Priority 



i»i>ohtrrTrTT 



Priority Status 



Lowttt Priority 

7] 

231468-21 



There are two ways to accomplish Automatic Rota- 
tion using OGW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro- 
tate in Automatic EOI Mode which is set by (R = ■ 1 , - 
SL - 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 



Specif ic Rotation 
(Specif ic Priority) 

The programmer can change priorities by program- 
ming the toottom priority and thus fixing all other prn 
orities; i.e., if 1R5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1, L0-L2 is the binary priority level 
code of the bottom priority device. 

Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 



Interrupt Masks 

Each Interrupt Request input can bem masked indi- 
vidually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1 . Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit masks IR0, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 



Special Mask Mode 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 



ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 8259A would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by OWC3 where: 
SSMM = 1 , SMM = 1 , and cleared where SSMM = 
1, SMM = 0. 

Poll Command 

In Poll mode the INT output functions as it normally 
does* The microprocessor should ignore this output. 
This can be accomplished either by not connecting 
the INT output or by masking interrupts within the 
microprocessor, thereby disabling its interrupt input. 
Service to devices is achieved by software using a 
Poll command. 

The Poll command is issued by setting P = '1" in 
OCW3. The 8259A treats the next RD pulse to the 
8259A (i.e., RD = 0, CS = 0) as an interrupt ac- 
knowledge, sets the appropriate IS bit if there is a 
request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 



W2 W1 W0 



W0- W2: Binary code of the highest priority level 
requesting service. 

I: Equal to "1" if there is an interrupt. 

This mode is useful if there is a routine comm and 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll rnode to expand the 
number of priority levels to more than 64. 

Reading the 8259 A Status 

The input status of several internal registers can be 
read to update the user information on the system. 
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NOTES: 

1 . Master c lear active only during ICW1 . 

2. FREEZE is active during INTA and poll sequences only. 

3. Truth Table for a D-Latch. 
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Figure 9. Priority Cell— Simplified Logic Diagram 



The following registers can be read via OCW3 (IRR 
and ISR or OCW1 [IMR]). 

Interrupt Request Register (IRR). - 8-bit register which 
contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
fected by IMR.) 

In-Service Register (ISR): 8-bit register which con- 
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 

Interrupt Mask Register: 8-bit register which con- 
tains the interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1,RIS = 0.) 

The ISR can be read, when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS =1). 



There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 8259A 
"remembers" whether the IRR or ISR has been pre- 
viously selected by the OCW3. This is not true when 
poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. The out- 
put data bus will contain the IMR whenever RD is 
active and A0 = 1 (OCW1). 



Polling overrides status read when P 
in OCW3. 



1, RR - 1 



Edge and Level Triggered Modes 

This mode is programmed using bit 3 in ICW1 . 

If LTIM = '0', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 
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Figure 10. IR Triggering Timing Requirements 



If LTIM = T, an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupts is enabled to prevent a second inter- 
rupt from occurring. 

The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 8259A. Be sure to note that the request 
latch is a transparent D type latch. 

In both the edge and level triggered modes the IR 
inputs m ust re main high until after the falling edge of 
the first INTA. If the IR input goes Idw before this 
time a DEFAULT IR7 will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IR? is needed for other purposes a default 
IR7 can still be detected by reading the ISR. A nor- 
mal IR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs dur- 
ing a normal IR7 routine, however, the ISR will re- 
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en- 
tered. If another IR7 occurs it is a default. 



The Special Fully Nest Mode 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 



ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 

a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's priority logic and further interrupt re- 
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nested 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero, if it is 
empty, a non-specific EOI can be sent to the 
master too. If not, no EOI should be sent. 



Buff ered Mode 

When the 8259A is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 

The buffered mode wiN structure the 8259A to send 
an enable signal on SP/EN to enable the buffers. In 
this mode, whenever the 8259A's data bus outputs 
are enabled, the SP/EN output becomes active. 

Thjs modification forces the use of software pro- 
gramming to determine whether the 8259A is a mas- 
ter or a slave. Bit 3 in ICW4 programs the buffered 
mode, and bit 2 in ICW4 determines whether it is a * 
master or a slave. 
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CASCADE MODE 

The 8259A can be easily interconnected in a system 
of one master with up to eight slaves to handle up to 
64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The casca de bu s acts like chip selects 
to the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the d evice routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 8086/8088). 



The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 8259A in the system must follow a sep- 
arate initialization sequence and can be pro- 
grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 8259A. 

The cascade lines of the Master 8259A are activat- 
ed only for slave inputs, non-slave inputs leave the 
cascade line inactive (low). 
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Figure 11. Cascading the 8259 A 
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ABSOLUTE MAXIMUM RATINGS" 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature ' . ..''.' '...' . . -65°C to + 1 50°C 

Voltage on Any Pin 
with Respect to Ground* . . . ... . . . -0.5Vto + 7V 

Power Dissipation ... . . ........ ... . . ... . .1W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C.CHAF 


lACTERiSTICS T A = o°C to 70°c, v C c = 5V ± 10% 






Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0* 


V C c + 0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


lOH = -400/iA 


V OH(INT) 


Interrupt Output High 
Voltage 


3.5 




V 


lOH =-100ju,A 


2.4 




V 


Iqh = —400 jitA 


«LI 


Input Load Current 


-10 


+ 10 


jutA 


0V <L V, N <> Vcc 


•lol 


Output Leakage Current 


-io 


+ .10 


jmA 


0.45V ^ V UT ^ Vcc 


ice 


Vcc Supply Current 




85 


mA 




'lir 


IR Input Load Current 




-300 


jmA 


V|N = 




10 


juA 


V|N = V C c 



*NOTE: 

For Extended Temperature EXPRESS Vm = 2.3V. 



CAPACITANCE T A = 25°C; V C c = GND = ov 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


C| N 


Input Capacitance 


, 




10 


pF 


fc=1MHz 


C l/0 


I/O Capacitance 






20 


PF 


Unmeasured Pins Returned to V$s 
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A.C. CHARACTERISTICS T A = o°c to 70°c, v C c = 5V ±10% 



TIMING REQUIREMENTS 



Symbol 


Parameter 


8259A 


8259A-2 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


TAHRL 


AO/CS Setup to RD/INTA 4, 












ns 




TRHAX 


AO/CS Hold after RD/INTA T 












ns 




TRLRH 


RD Pulse Width 


235 




160 




ns 




TAHWL 


AO/CS Setup to WR J, 












ns 




TWHAX 


AO/CS Hold after WRt 












ns 




TWLWH 


WR Pulse Width 


290 




190 




ns 




TDVWH 


Data Setup to WRt 


240 




160 




ns 




TWHDX 


Data Hold after WRt 












ns 




TJLJH 


Interrupt Request Width (Low) 


100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or Third 
INTA 4, (Slave Only) 


55 




40 




ns 




TRHRL 


EndofRDtoNextRD 

End of INTA to Next INTA within 

an INTA Sequence Only 


160 




100 




ns 




TWHWL 


EndofWRtoNextWR 


190 




100 




ns 




*TCHCL 


End of Command to Next Command 
(Not Same Command Type) 


500 
500 




150 
300 




ns 


- 


End of INTA Sequence to Next 
INTA Sequence. 



*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A 
1.6 juis, 8085A-2 = 1 jus, 8086 = 1 jus, 8086-2 = 625 ns) 

NOTE: 

This is the low time required to clear the input latch in the edge triggered mode. 



TIMING RESPONSES 



Symbol 


Parameter 


8259A 


8259A-2 


Units 


Test Conditions 


Min 


Max 


Min 


Max 


TRLDV 


Data Valid from RD/INTA 1 




200 




120 


ns 


C of Data Bus = 
100pF 

C of Data Bus 

Max Test C= 100pF 

Min Teste = 15pF 

C|nt= 100pF 
CcASCADE ~ 100pF 


TRHDZ 


Data Float after RD/JNTA t 


10 


100 


10 


85 


ns 


TJHIH 


Interrupt Output Delay 




350 




300 


ns 


TIALCV 


Cascade Valid from First INTA X 
(Master Only) 




565 




360 


ns 


TRLEL 


Enable Active from RD 4 or INTA 4 




125 




100 


ns 


TRHEH 


Enable Inactive from RD t or INTA t 




150 




150 


ns 


TAHDV 


Data Valid from Stable Address 




200 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 




200 


ns 
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A.C. TESTING INPUT/OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



-2.0 2.0- 

^> TEST POINTS <^ 
r 0.8 0.8 -r 



231468-25 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 











DEVICE 
UNDER 
TEST 




— c L = ioopF 


( 
( 


231468-26 

S L - 100 pF 

Z L Includes Jig Capacitance 



WAVEFORMS 

WRITE 



ADDRESS BUS 



DATA SUS 



\ 



X 



TAHWL 



/ 



1 



X 



X 
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WAVEFORMS (Continued) 
READ/INTA 



RDANTA - 



CM- 



ADDftESS tUS 



\ 



X 



J 



\ 



*£-TRHEH 



-TAHM 



X 



TRLOV- 

-TAHDV- — 



DATA BUS — — — — ■ — ■ 






>-- 



OTHER TIMING 



RD 



WR- 



RD 

rcns- 

WR 



RD 

INTA- 
WR 



\ 
\ 
\ 



r 

A 



«l TRHRL- 



\ 



/ *+ TWHWL *» \ 

i 



M TCHCt- 



V. 



/ 
/ 



/ 
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WAVEFORMS (Continued) 



NTA SEQUENCE 
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NOTES: 

Interrupt output must remain HIGH at least until leading edge of first I NTA. 
"i . Cycle 1 in 8086, 8088 systems, the Data Bus is not active. 



Data Sheet Revision Review 

The following changes have been made since revision 2 of the 8259A data sheet. 

1. The first paragraph of the Poll Command section was rewritten to clarify the status of the INT pin. 

2. A paragraph was added to the Interrupt Sequence section to indicate the status of the INT pin during 
multiple interrupts. 

3. A reference to PLCC packaging was added. 

4. All references to the 8259A-8 have been deleted. 
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CHMOS Programmable Interrupt Controller 



Pin Compatible with NMOS 8259A-2 
Eight-Level Priority Controller 
Expandable to 64 levels 
Programmable Interrupt Modes 
Low Standby Power — 10 jliA 
Individual Request Mask Capability 



80C86/88 and 8080/85/86/88 
Compatible 

Fully Static Design 

Single 5V Power Supply 

Available in 28-Pin Plastic DIP 

(See Packaging Spec, Order #231369) 



The Intel 82C59A-2 is a high performance CHMOS version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A-2 is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro- 
processors such as the 80C86/88, 8086/88 and 8080/85. 

The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements. 
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin 
plastic DIP. 
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Figure 1. Block Diagram 
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Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


Vcc 


28 


!' ' 


SUPPLY: +5V Supply. 


GND 


14 


I 


GROUND. 


cs 


1 


I 


CHIP SELECT: A low on this pin enables RD and WR 
communication between the CPU and the 82C59A-2. INTA 
functions are independent of CS. 


WR 


2 


i 


WRITE: A low on this pin when CS is low enables the 
82C59A-2 to accept command Words from the CPU. 


RD 


3 


l 


READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 


D 7 -D 


4-11 


I/O 


BIDIRECTIONAL DATA BUS: Control, status and interrupt- 
vector information is transferred via this bus. 


CAS -CAS 2 


12,13,15 


I/O 


CASCADE LINES: The CAS lines form a private 82C59A-2 
bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and inputs for a slave 
82C59A-2. 


SP/EN 


16 


I/O 


SLAVE PROGRAM/ENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 


INT 


17 





INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus it is 
connected to the CPU's interrupt pin. 


IR0-IR7 


18-25 


i 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt 
request is executed by raising an IR input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IR input (Level Triggered Mode). 
Internal pull-up resistors are implemented on IRO-7. 


INTA 


26 


i 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 


A 


27 


i 


AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WR, and RD pins. It is used by the 82C59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (At for 80C86, 80C88). 
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FUNCTIONAL DESCRIPTION 



Interrupts In Microcomputer Systems 

Microcomputer system design requires that I/O de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in an efficient man- 
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 

The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 

This method is called Interrupt It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 



The 82C59A-2 

The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys- 
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Figure 3a. Polled Method 
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Figure 3b. Interrupt Method 
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terns. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A*2's (up to 64 levels). It is programmed by 
the system's software as an I/O peripheral. A selec- 
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc- 
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com- 
plete interrupt structure can be defined as required, 
based on the total system environment. 

INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service Register (ISR). The 
IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrupt levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strob ed into the corresponding bit of the ISR during 
INTA pulse. 

Interrupt mask register (imr) 

The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 



READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various contrpl formats for device operation. This 
function block also allows the status of the 
82C59A-2 to be transferred onto the Data Bus. 



CS (CHIP SELECT) 

A LOW on this input enables the 82C59A-2. No 
reading or writing of the chip will occur unless the 
device is selected. 



WR (WRITE) 

A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 82C59A-2. 



RD(READ) 

A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 



A 

This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 



INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The VoH ,evel on tn ' s '' ne ' s designed to be fully 
compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 



INJA (INTERRUPT ACKNOWLEDGE) 



INTA pulses will cause the 82C59A-2 to release vec- 
toring information onto the data bus. The format of 
this data depends on the system mode (/xPM) of the 
82C59A-2. 



THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 82C59A-2's used in the system. The associated 
three I/O pins (CASO-2) are outputs when the 
82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de- 
vice onto the CASO-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con- 
secutive INTA pulses. (See section "Cascading the 
82C59A-2".) 



DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 82d59A-2 to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 
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INTERRUPT SEQUENCE 

The powerful features of the 82C59A-2 in a micro- 
computer system are its programmability and the in- 
terrupt routine addressing capability. The latter al- 
lows direct or indirect jumping to the specific inter- 
rupt routine requested without any polling of the in- 
terrupting devices. The normal sequence of events 



during an interrupt depends on the type of CPU be- 
ing used. 

The events occur as follows in an MCS-80/85 sys- 
tem: 
1. One or more of the INTERRUPT REQUEST Lines 

(IR7-0) are raised high, setting the corresponding 

IRRbit(s). 



INTA 



R5- 

wr- 
*©- 

c?- 

CASO - 
CAST « 
CAS? - 

9/EN 



o 


OAT A 

BUS 

SUFFER 








REAO/ 
WRITE 
LOGIC 




? 








CASCAOE 

BUFFER/ 

COMPARATOR 




V 



C-> 



CONTROL LOGIC 



in 



SERVICE 
REG 

IISR) 






PRIORITY 
ESOLVEI 



n 



INTERRUPT 

REOUEST 

REG 



W 



IR1 

IR2 

IRS 



INTERRUPT MASK REG 



v INTERNAL BUS 



231201-5 



Figure 4. 82C59A-2 Block Diagram 
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Figure 5. 82C59A-2 Interface to Standard System Bus 
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2. The 82C59A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CP U ac knowledges the INT and responds 
with an I NTA pulse. 

4. Upon receiving an InTA from the CPU group, the 
highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 82C59A-2 will also re- 
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82C59A-2 from the CPU 
group. 

6. These two INTA pulses allow the 82C59A-2 to 
release its preprogrammed subroutine address 
onto the Data Bu s. The lower 8-bit address is re- 
leased at the first INTA pulse and the hig her 8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re- 
leased by the 82C59A-2. In the AE OI mo de the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 

The events occurring in an 80C86 system are the 
same until step 4. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 82C59A-2 does not drive 
the Data Bus during this cycle. 

5. The 80C86 will initiate a second INTA pulse. Dur- 
ing this pulse, the 82C59A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 

If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82C59A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 

When the 82C59A-2 PIC receives an interrupt, INT 
becomes active and an interrupt acknowledge cycle 
is started. If a higher priority interrupt occurs be- 
tween the two INTA pulses, the INT line goes inac- 
tive immediately after the second INTA pulse. After 
an unspecified amount of time the INT line is activat- 
ed again to signify the higher priority interrupt waiting 
for service. This inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys- 
tem which uses the 82C59A-2. It is recommended 
that proper asynchronous design tecHniques be fol- 
lowed. 



INTERRUPT SEQUENCE OUTPUTS 



MCS®-80, MCS-85 

This seq uence is tirned by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt 
Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 



CALL CODE 



1 



1 1 



1 



During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro- 
grammed, while A0-A4 are automatically inserted by 
the 82C59A-2. When Interval = 8 only A6 and A7 
are programmed, while A0-A5 are automatically in- 
serted. 

Content of Second Interrupt 
Vector Byte 



IB 


Interval = 4 




D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


A5 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A5 





1 











A7 


A6 


A5 
















IR 


Interval = 8 




D7 


D6 


D5 


D4 D3 


D2 


Di 


DO 


7 


A7 


A6 


1 


1 1 











6 


A7 


A6 


1 


1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A6 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 





"0 








A7 


A6 


















During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (A$ - A15), is 
enabled onto the bus. 
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Content of Third Interrupt 
Vector Byte 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


A15 


A14 


A13 


A12 


A11 


A10 


A9 


A8 



c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 82C59A-2 any- 
time after initialization. 



80C86, 80C88 

80C86, 80C88 mode is similar to MCS-80 mode ex- 
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl- 
edge cycle is similar to that of MCS-80, 85 systems 
in that the 82C59A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and A5- Ai 1 are 
unused in 80C86, 80C88 mode): 

Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


T7 


T6 


T5 


T4 


T3 








1 


IRO 


T7 


T6 


T5 


T4 


T3 












PROGRAMMING THE 82C59A-2 

The 82C59A-2 accepts two types of command 
words generated by the CPU: 

1 . Initialization Command Words (ICWs): Before nor- 
mal operation can begin, each 82C59A-2 in the 
system must be brought to a starting point — by a 
sequence of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 
82C59A-2 to operate in various interrupt modes. 
These modes are: 

a. Fully nested mode 

b. Rotating priority mode 



INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with AO = and D4 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the initialization se- 
quence during which the following automatically oc- 
cur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in- 
put must make a low-to-high transition to gener- 
ate an interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is 
set to IRR. 

f. If IC4 = 0, then all functions selected in ICW4 are 
set to zero. (Non-Buffered mode*, no Auto-EOI, 
MCS-80, 85 system). 

*NOTE: 

Master/Slave in ICW4 is only used in the buffered 
mode. 

INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

A5-A15: Page starting address of sen/ice routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 

The address format is 2 bytes long (Aq-A^). When 
the routine interval is 4, A0-A4 are automatically in- 
serted by the 82C59A-2, while A5-A15 are pro- 
grammed externally. When the routine interval is 8, 
A0-A5 are automatically inserted by the 82C59A-2, 
while A6-A15 are programmed externally. 

The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 

In an 80C86, 80C88 system Ai5-A<ii are inserted in 
the five most significant bits of the vectoring 
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byte and the 82C59A-2 sets the three least signifi- 
cant bits according to the interrupt level. A1Q-A5 are 
ignored and ADI (Address Interval) has no effect: 

LTIM: If LTIM = 1, then the 82C59A-2 will operate 
in the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI '= 1, then inter- 
val = 4; ADI = then interval - 8. 

SNGL: Single. Means that this is the only 82C59A-2 
in the system. If SNGL = 1 no ICW3 will be 
issued. 

1C4: If this bit is set — |CW4 has to be read. If 
IGW4 is not needed, set IC4 = 0. 



INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 
82C59A-2 in the system and cascading is used, in 
which case SNGL = 0. It will load the 8-bit slave 
register. The functions of this register are: 

a. In the master mode (either when SP = 1, or in 
buffered mode when M/S = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS- 
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C86, 80C88 
only byte 2) through the cascade lines. 



b. In the slave mo$e (either when SP = 0, or if BUF 
= 1 and M/S = in ICW4) bits 2-0 identify the 
slave. The .slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 80C86, 
80C88 are released by it on the Data Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode 
is programmed. 

BUF: If BUF = 1 the buffered mode _js_ pro- 
grammed. In buffered mode SP/EN be- 
comes an enable output and the master/ 
slave determination is by M/S. 

M/S: If buffered mode is selected: M/S =1 
means the 82C59A-2 is programmed to be a 
master, M/S = means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, M/S 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed. 

jllPM: Microprocessor mode: jwPM .= sets the 
82C59A-2 for MCS-80, 85 system operation, 
/xPM = 1 sets the 82C59A-2 for 80C86 sys- 
tem operation. 









l 

231201-9 




,cw, 


I 


ICW2 




NO (SINGL = 1) 


C CASCADE ) 
^>^ MODE >< 

|VE8 (SNGL - 0) 






ICW3 




:w4 ^s 




NO (IC4 ~ 0) 


1 
>^ IS K 






S^ NEEDED ^S 
jTvES (IC4 = 1) 


ICW4 




■■: 






,-■' 




READY TO ACCEPT 
INTERRUPT REQUESTS 









Figure 6. Initialization Sequence 
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ICW1 
D. D A D, 



LTlM AOI SNCL IC4 



ICW2 
D 5 D 4 D 5 D 2 



15/ A iv A 13/ A iy A iy 
'b \ \ /t 4 /t s 



ICW3 (MASTER DEVICE) 



*0 D 7 



ICW3 (SLAVE DEVICE) 



1 = ICW4 NEEDED 
= NO ICW4 NEEDED 



1 = SINGLE 

= CASCADE MODE 



CALL ADDRESS INTERVAL 
1 = INTERVAL OF 4 
= INTERVAL OF 8 



1= LEVEL TRIGGERED MODE 
= EDGE TRIGGERED MODE 



A 7 -A 5 OF INTERRUPT 

VECTOR ADDRESS 

(MCS-80/85 MODE ONLY) 



A 15 -A 8 OF INTERRUPT 

VECTOR ADDRESS 

(MCS-80/85 MODE ONLY) 

T^-Tj OF INTERRUPT 

VECTOR ADDRESS 
(80C86/80C88 MODE) 



1 = IR INPUT HAS A SLAVE 
= IR INPUT DOES NOT HAVE 
A SLAVE 



ICW4 
Dr D, D, D, D, 



M/S 



SLAVE 'ID(.I) 



1=80C86/80C88 MODE 
= MCS-80/85 MODE 



1 = AUTO EOI 
= NORMAL EOI 



1 



NON- BUFFERED MODE 
BUFFERED MODE /SLAVE 
BUFFERED MODE /MASTER 



1 = SPECIAL FULLY NESTED MODE 
= NOT SPECIAL FULLY NESTED 
MODE 



NOTE: 

Slave ID is equal to the corresponding master IR Input. 



Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS 
(OCWs) 

After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip i§ ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo- 
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (OCWs). 

OPERATION CONTROL WORDS (OCWs) 

OCW1 
AO D7 D6 D5 D4 D3 D2 D1 DO 



e 



M7 


M6 


M5 M4 


MS 


M2 


M1 


MO 


OCW2 


R 


SL 


EOI 





L2 


L1 


LO 


OCW3 


ESMM 


SMM 


1 


P 


RR 


RIS 



OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M 7 - Mo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = indicates the channel is enabled. 



OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOI — These three bits control the Rotate 
and End of Interrupt modes and combinations of the 
two. A chart of these combinations can be found on 
the Operation Command Word Format. 

l-2> L-j , Lo— These bits determine the interrupt level 
acted upon when the SL bit is active. 



OPERATION CONTROL WORD 3 (OCW3) 

ESMM — Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = the SMM bit 
becomes a "don't care". 

SMM — Special Mask Mode. If ESMM = 1 and 
SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 



FULLY NESTED MODE 

This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority form through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic. End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, ail further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt (which will be acknowl- 
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft- 
ware). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 



END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automati- 
cally fo llowin g the trailing edge of the last in se- 
quence INTA pulse (when AEOI bit in ICW4 is set) or 
by a command word that must be issued to the 
82C59A-2 before returning from a service routine 
(EOI command). An EOI command must be issued 
twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 

There are two forms of EOI command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on EOI. When a 
Non-Specific EOI command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high- 
est IS level was necessarily the last level acknowl- 
edged and serviced. A non-specific EOI can be is- 
sued with OCW2 (EOI = 1, SL = 0, R .= 0). 

When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and L0-L2 is the binary 
level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 82G59A-2 is in the Special Mask Mode. 
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0CW1 
D 7 D fi D= D. D, D, D« 



1 


M7 


M6 


M5 


M4 


M3 


M2 


M1 


MO 


























INTERRUPT MASK 
1 sMASK SET 
= MASK RESET 












' 

























OCW2 



A o 


D 


7 


D 6 


D 5 


D 4 D 3 


D 


2 


D 


1 


D 












H 


SL 


EOI 





L 2 


L 1 


L 


























IR LEVEL TO BE 
ACTED UPON 











1 


2 


3 


4 


5 


6 


7 













t 





1 





1 





1 


























1 


1 








1 


1 
































1 


1 


1 


1 
































_' 


. 1 . 


N SPECIFIC EOI COMMAND 
ICIFIC EOI COMMAND 
FATE ON NON-SPECIFIC EOI COMMAND 
rATE IN AUTOMATIC EOI MODE (SET) 
rATE IN AUTOMATIC EOI MODE (CLEAR) 
JTATE ON SPECIFIC EOI COMMAND 
T PRIORITY COMMAND 
OPERATION 









3 1 NO 


: 


END OF INTERRUPT 
AUTOMATIC ROTATION 
SPECIFIC ROTATION 







1 SPI 




1 < 


3 1 ROl 




1 


) RO" 







) RO 1 




1 


1 *RC 




1 


*SE 







NO 






















•LO-L2 ARE USED 





















OCW3 



ESMM SMM 



READ REGISTER COMMAND 



READ IR 
REG ON 
NEXT RD 
PULSE 



1 



READ IS 
REG 0_N 
NEXT RD 
PULSE 



1 = POLL COMMAND 
= NO POLL COMMAND 



SPECIAL MASK MODE 



RESET 

SPECIAL 

MASK 



SET 

SPECIAL 

MASK 



231201-11 



Figure 8. Operation Command Word Format 
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AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc- 
ture is not required within a single 82C59A. 

The AEOI mode can only be used in a master 
82C59A and not a slave. 



AUTOMATIC ROTATION 

(Equal Priority Devices) 

In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (I.R4 the highest priority requiring 
service) . 

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 



IS" Status 


1 


1 










Lowest Highest 
Priority Priority 

I i 


Priority Status 


7 6 


5 4 


3 2 


1 



After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 



IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 



"IS" Status 






1 





















Highest Lowest 
Priority Priority 



2 


1 





7 


6 


5 


4 


3 



Priority Status 



There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R - 1, SL = 0, EOI - 1) and the Ro- 



tate in Automatic EOI Mode which is set by (R = 1 , 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 



SPECIFIC ROTATION 

(Specif ic Priority) 

The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities; i.e., if IR5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R r 1,,SL ?= 1; LO-L2 is the binary priority level 
code of the bottom priority device. 

Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOlcommand by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 



INTERRUPT MASKS 

Each Interrupt Request input can be masked individ- 
ually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit masks IR0, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 

SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 

The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1 , it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 
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Thus, any interrupts may be selectivity enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM = 1,SMM = 1, and cleared where SSMM = 
1,SMM = 0. 

POLL COMMAND 

In Poll mode the INT output functions as it normally 
does. The microprocessor should ignore this output. 
This can be accomplished either by not connecting 
the INT output or by masking interrupts within the 
microprocessor, thereby disabling its interrupt input. 
Service to devices is achieved by software using a 
Poll command. 

The Poll command is issued by setting P = "1" in 
OCW3. The 82C59A-2 treats the next RD pulse to 



the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 
request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 



I 



— — — — W2 W1 WO 



WO-W2: 

Binary code of the highest priority level requesting 
service. 

I: Equal to a "1 " if there is an interrupt. 

This mode is useful if there is a routine comm and 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 
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1 . Master Clear active only durin g ICW1 

2. Freeze/ is active during INTA/and poll sequences only 

3. Truth Table for D-Latch 



c 


D 


Q 


OPERATION 


1 




Di 
X 


Di 
Qn-1 


FOLLOW 
HOLD 



Figure 9. Priority Cell— Simplified Logic Diagram 
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READING THE 82C59A-2 STATUS 

The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRR 
and ISR or OCW1 [IMR]), 

Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
fected by I MR). 

In-Service Register (ISR): 8-bit register which con- 
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 

Interrupt Mask Register. 8-bit register which con- 
tains the interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1,RIS = 0.) 

The ISR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS =1): 

There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 
82C59A-2 "remembers" whether the IRR or ISR has 
been previously selected by the OCW3. This is not 
true when poll is used. 

After initialization the 82C59A-2 is set to IRR. 

For reading the IMR, no OCW3 is needed. Theout- 
put data bus will contain the IMR whenever RD is 
active and AO = 1 (OCW1). 

Polling overrides status read when P ■•=? 1, RR = 1 
inOCW3. 



EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1 . 

If LTIM = 'O', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 

If LTIM = T, an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter- 
rupt from occurring. 

The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 

In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IR7 is needed for other purposes a default 
IR7 can still be detected by reading the ISR. A nor- 
mal IR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs dur- 
ing a normal IR7 routine, however, the ISR will re- 
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en- 
tered. If another IR7 occurs it is a default. 
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Figure 10. 1 R Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 
ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 

a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's priority logic and further interrupt re- 
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas- 
ter too. If not, no EOI should be sent. 



BUFFERED MODE 

When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 

The buffered mode will structure the 82C59A-2 to 
send an enable signal on SP/EN to enable the buff- 
ers. In this mode, whenever the 82C59A-2 > s data 
bus outputs are enabled, the SP/EN output be- 
comes active. 



This modification forces the use of software pro- 
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff- 
ered mode, and bit 2 in ICW3 determines whether it 
is a master or a slave. 



CASCADE MODE 

The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han- 
dle up to 64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The casca de bu s acts like chip selects 
to the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 80C86/80G88). 

The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization sequence and can be pro- 
grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 

The cascade lines of the Master 82C59A-2 are acti- 
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 
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Figure 11. Cascading the 82C59A-2 
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ABSOLUTE MAXIMUM RATINGS" 

Ambient Temperature Under Bias . . . . . . 0°C to 70°C 

Storage Temperature . . • . . - 65°C to + 1 50°C 

Supply Voltage (w.r.t. ground) ....... . -0.5 to 7.0V 

Input Voltage (w.r.t. ground) . . . -0.5 to Vcc + 0.5V 
Output Voltage (w.r.t. ground) . . -0.5 to Vcc + 0:5V 
Power Dissipation ....... .0.9 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = o°c to 70°c, v cc = 


= 5V±10% 






Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


'ccs 


Standby Supply Current 




10 


jutA 


V IN = V C c or GND 
All IR = GND 
Outputs Unloaded 
V GC = 5.5V 


ice 


Operating Supply Current 




5 


mA 


(Note) 


V|H 


Input High Voltage 


2.2 


Vcc + 0.5 


V 




V|L 


Input Low Voltage 


-0.5 


0.8 


V 




Vol 


Output Low Voltage 




0.4 


V 


Iol = 2.5 mA 


v oh 


Output High Voltage 


3.0 
Vcc -0.4 




V 


lOH = -* 2.5 mA 
lOH = -100 juA 


in 


Input Leakage Current 




±1.0 


M 


OV^Vin^Vcc 


»LO 


Output Leakage Current 




±10 


jmA 


ovVv OUT <; v C c 


'lir 


IR Input Leakage Current 




-300 
+ 10 


jtxA 


V| N = 
V IN = Vcc 



NOTE: 

Repeated data input with 80C86-2 timings. 

CAPACITANCE T A = 25°C; V C c =* GND = 0V 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 




C|N 


Input Capacitance 




7 


PF 




fc = 1 MHz 


Ci/o 


I/O Capacitance 




20 


pF 


Unmeasured pins at GND 




C OUT 


Output Capacitance 




15 


pF 
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A.C. CHARACTERISTICS T A = o°C to 70°c, v C c = 5V ±10% 



TIMING REQUIREMENTS 



Symbol 


Parameter 


82C59A-2 


Units 


Test Conditions 


Min 


Max 


TAHRL 


AO/CS Setup to RD/TnTA I 


10 




ns 




TRHAX 


AO/CS Hold after RD/InTA t 


5 




ns 




TRLRH 


RD/INTA Pulse Width 


160 




ns 




TAHWL 


AO/CS Setup to WRi 







ns 




TWHAX 


AO/CS Hold after WRt 







ns 




TWLWH 


WR Pulse Width 


190 




ns 




TDVWH 


Data Setup to WRt 


160 




ns 




TWHDX 


Data Hold after WRt 







ns 




TJLJH 


Interrupt Request Width (Low) 


100 




ns 


(See Note) 


TCVIAL 


Cascade Setup to Second or Third 
INTA i (Slave Only) 


40 




ns 




TRHRL 


End of RD to next RD 

End of INTA to next INTA within 

an INTA sequence only 


160 




ns 




TWHWL 


EndofWRtonextWR 


190 




ns 




*TCHCL 


End of Command to next Command 
(Not same command type) 
End of INTA sequence to next 
INTA sequence. 


400 




ns 





* Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6 
/xs, 8085-A2 = 1 juts, 80C86 = 1 /as, 80C86-2 = 625 ns) > 

NOTE: 

This is the low time required to clear the input latch in the edge triggered mode. 
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TIMING RESPONSES 


Symbol 


Parameter 


8259A-2 


Units 


Test Conditions* * 


Min 


Max 


TRLDV 


Data Valid from RD/InTA I 




120 


ns 


1 


TRHDZ 


Data Float after RD/INTX f 


10 


85 


ns 


2 


TJHIH 


Interrupt Output Delay 




300 


ns 


1 


TIALCV 


Cascade Valid from First INTA i 
(Master Only) 




360 


ns 




TRLEL 


Enable Active from RD i or INTA J, 




110 


ns 




TRHEH 


Enable Inactive from RD T or INTA T 




150 


ns 




TAHDV 


Data Valid from Stable Address 




200 


ns 




TCVDV 


Cascade Valid to Valid Data 




200 


ns 





* "Test Condition Definition Table 




TEST CONDITION 


VI 


R1 


R2 


C1 


1 
2 


1.7V 
4.5V 


523H 
1.8 kO 


OPEN 
1.8 ka 


100pf 
30 pf 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT 
VIH + 0.4V - 



3C 



OUTPUT 
• 2.4V 



231201-15 



A.C. Testing: All input signals must switch between Vil - 0.4V 
and Vih + 0.4V. Input Rise and Fall Times must be £ 15 ns. All 
timing measurements are made at 2.4V and 0.45V. 



A.C. TESTING LOAD CIRCUIT 



V 

1 


1 


■ . ■ ■ 


►R1 


OUTPUT " 


TEST POINT 


DEVICE UNDER TEST 


I R2 Z= C1* 


♦Includes Stray and 
Jig Capacitance 


231201-16 



WAVEFORMS 



WRITE 



«*- 



\ 



X 



/ 



X 



K 



K 
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WAVEFORMS (Continued) 



READ/INTA 



TO 



INTO 



\ 



m- 



a- 



AOOftf M IUt 



X 



/ 



V 



- TULOV * 



\* TAWOV » * 



f 



X 



f_ 



OTHER TIMING 

to 

inta ■ ■ 


\ 






V 


/ 
_J 


7 


■■ TRHftL— »■ 


TO 


\ 
\ 


/ 


«* TWHWL *A 


; 


L 

"* TCHCL +■ 




/ 

231201-19 


WR 




^ 


— 
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WAVEFORMS (Continued) 



INTA SEQUENCE 



- TJHIH 




CO 2- 



TIALCV 
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NOTES: 

1. Interrupt output must remain HIGH at least until leading edge of first INTA. 

2. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active. 



DATA SHEET REVISION REVIEW 

The following changes have been made since revision 003 of the 82C59A-2 data sheet. 

1 . Preliminary was removed. 

2. A reference to PLCC packaging was removed. 

3. The first paragraph of the Poll Command section was rewritten to clarify the status of the INT pin. 

4. A paragraph was added to the Interrupt Sequence section to indicate the status of the INT pin during 
multiple interrupts. 
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80286 

High Performance Microprocessor 

with Memory Management and Protection 

(80286-12, 80286-10, 80286-8) 



High Performance Processor (Up to six 
times 8086) 

Large Address Space: 
— 16 Megabytes Physical 

— 1 Gigabyte Virtual per Task 

Integrated Memory Management, Four- 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Systems 

High Bandwidth Bus Interface 
(12.5 Megabyte/Sec) 

Industry Standard O.S. Support: 

— iRMX® 

— XENIX* 

— UNIX* 

— MS-DOS* 

Optional Processor Extension: 

— 80287 High Performance 80-bit 
Numeric Data Processor 



Two 8086 Upward Compatible 
Operating Modes: 

— 8086 Real Address Mode 

— Protected Virtual Address Mode 

Range of Clock Rates 

— 12.5 MHz for 80286-12 
— 10 MHz for 80286-10 

— 8 MHz for 80826-8 

— 6 MHz for 80286-6 

Complete System Development 
Support: 

— Development Software: Assembler, 
PL/M, Pascal, FORTRAN, and System 
Utilities 

— In-Circuit-Emulator (ICEtm-286) 

Available in 68 Pin Ceramic LCC 
(Leadless Chip Carrier), PGA (Pin Grid 
Array), and PLCC (Plastic Leaded Chip 
Carrier) Packages 

(See Packaging Spec, Order #231369) 



The 80286 is an advanced, high-performance microprocessor with specially optimized capabilities for multiple 
user and multi-tasking systems. The 80286 has built-in memory protection that supports operating system and 
task isolation as well as program and data privacy within tasks. A 12 MHz 80286 provides six times or more 
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabilities that map 23° 
(one gigabyte) of virtual address space per task into 2 2 * bytes (16 megabytes) of physical memory. 

The 80286 is upward compatible with 8086 and 88 software. Using 8086 real address mode, the 80286 is 
object code compatible with existing 8086, 88 software. In protected virtual address mode, the 80286 is source 
code compatible with 8086, 88 software and may require upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 per- 
formance and execute a superset of the 8086 and 88 instructions. 

The 80286 provides special operations to support the efficient implementation and execution of operating 
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, loach 
its state, and start execution of the new task. The 80286 also supports virtual memory systems by providing a 
segment-not-present exception and restartable instructions. 

♦XENIX and MS-DOS are trademarks of Microsoft Corp. 
*UNIX is a trademark of Bell Labs or AT&T 
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Figure 1. 80286 Internal Block Diagram 
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Component Pad Views— As viewed from underside of 
component when mounted on the board. 



P.C. Board Views— As viewed from the component 
side of the P.C. board. 
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LOCK LOCK N.C. 
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Figure 2. 80286 Configuration 
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Table 1, Pin Description 



Symbol 


Type 


Name and Function 


CLK 


I 


SYSTEM CLOCK provides the fundamental timing for 80286 systems. It is divided by two 
inside the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
be synchronized to an external clock generator by a LOW to HIGH transition on the RESET 
input. 


D 15 -D 


I/O 


DATA BUS inputs data during memory, I/O, and interrupt acknowledge read cycles; 
outputs data during memory and I/O write cycles. The data bus is active HIGH and floats to 
3-state OFF during bus hold acknowledge. 


A23-A0 





ADDRESS BUS outputs physical memory and I/O port addresses. A0 is LOW when data is 
to be transferred on pins D7_o- A23-A16 are LOW during I/O transfers. The address bus is 
active HIGH and floats to 3-state OFF during bus hold acknowledge. 


BHE 





BUS HIGH ENABLE indicates transfer or data on the upper byte of the data bus. D15-8. 
Eight-bit oriented devices assigned to the upper byte of the data bus would normally use 
BHE to condition chip select functions. BHE is active LOW and floats to 3-state OFF during 
bus hold acknowledge. 


BHE and A0 Encodings 


BHE Value 


A0 Value 


Function 




1 
1 



1 

1 


Word transfer 

Byte transfer on upper half of data bus (D-is-Ds) 
Byte transfer on lower half of data bus (D7_ ) 
Will never occur 


S1,S0 





BUS CYCLE STATUS indicates initiation of a bus cycle and, along with M/JO and COD/ 
INTA, defines the type of bus cycle. The bus is in a T s state whenever one or both are LOW, 
S1 and SO are active LOW and float to 3-state OFF during bus hold acknowledge. 


80286 Bus Cycle Status Definition 


COD/INTA 


M/lO 


S1 


SO 


Bus Cycle Initiated 


(LOW) 









1 (HIGH) 







1 
1 

i 

i 







. 

1 

1 

1 

1 





1 
1 




1 
1 




1 
1 




1 
1 




1 



1 



1 



1 



1 



1 



1 



1 


Interrupt acknowledge 

Will not occur 

Will not occur 

None; not a status cycle 

IF A1 = 1 then halt; else shutdown 

Memory data read 

Memory data write 

None; not a status cycle 

Will not occur 

I/O read 

I/O write 

None; not a status cycle 

Will not occur 

Memory instruction read 

Will not occur 

None; not a status cycle 


M/IO 





MEMORY l/d SELECT distinguishes memory access from I/O access. If HIGH during T s , a 
memory cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt 
acknowledge cycle is in progress. M/IO floats to 3-state OFF during bus hold acknowledge. 


COD/INtA 





CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from memory 
data read cycles. Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/ 
INTA floats to 3-state OFF during bus hold acknowledge. Its timing is the same as M/IO. 


LOCK 





BUS LOCK indicates that other system bus masters are not to gain control of the system 
bus for the current and thd following bus cycle. The LOCK signai may be activated explicitly 
by the "LOCK" instruction prefix or automatically by 80286 hardware during memory XCHG 
instructions, interrupt acknowledge, or descriptor table access. LOCK is active LOW and 
floats to 3-state OFF during bus hold acknowledge. 


READY 


I 


BUS READY tern 


tinates a bus cycle. Bus cycles are extended without limit until terminated 


by READY LOW. 
times relative to tr 
bus hold acknowl 


READY is an a 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


HOLD 
HLDA 


I 



BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of 
the 80286 local bus. The HOLD input allows another local bus master to 
request control of the local bus. When control is granted, the 80286 will float 
its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus 
hold acknowledge condition. The local bus will remain granted to the 
requesting^ master until HOLD becomes inactive which results in the 80286 
deactivating HLDA and regaining control of the local bus. This terminates the 
bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH. 


INTR 


I 


INTERRUPT REQUEST requests the 80286 to suspend its current program 
execution and service a pending external request. Interrupt requests are 
masked whenever the interrupt enable bit in the flag word is cleared. When 
the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the 
source of the interrupt. To assure program interruption, INTR must remain 
active until the first interrupt acknowledge cycle is completed. INTR is 
sampled at the beginning of each processor cycle and must be active HIGH 
at least two processor cycles before the current instruction ends in order to 
interrupt before the next instruction. INTR is level sensitive, active HIGH, and 
may be asynchronous to the system clock. 


NMI 


I 


NON-MASKABLE INTERRUPT REQUEST interrupts the 80286 with an 
internally supplied vector value of 2. No interrupt acknowledge cycles are 
performed. The interrupt enable bit in the 80286 flag word does not affect this 
input. The NMI input is active HIGH, may be asynchronous to the system 
clock, and is edge triggered after internal synchronization. For proper 
recognition, the input must have been previously LOW for at least four system 
clock cycles and remain HIGH for at least four system clock cycles. 


PEREQ 
PEACK 


I 



PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE 

extend the memory management and protection capabilities of the 80286 to 
processor extensions. The PEREQ input requests the 80286 to perform a 
data operand transfer for a processor extension. The PEACK output signals 
the processor extension when the requested operand is being transferred. 
PEREQ is active HIGH and floats to 3-state OFF during bus hold 


acknowledge. PEACK may be asynchronous to the system clock. PEACK is 
active LOW. 


BUSY 
ERROR 


I 


PROCESSOR EXTENSION BUSY AND ERROR indicate the operating 
condition of a processor extension to the 80286. An active BUSY input stops 
80286 program execution on WAIT and some ESC instructions until BUSY 
becomes inactive (HIGH). The 80286 may be interrupted while waiting for 
BUSY to become inactive. An active ERROR input causes the 80286 to 
perform a processor extension interrupt when executing WAIT or some ESC 
instructions. These inputs are active LOW and may be asynchronous to the 
system clock. These inputs have internal pull-up resistors. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


RESET 


I 


SYSTEM RESET clears the internal logic of the 80286 and is active HIGH. 
The 80286 may be reinitialized at any time with a LOW to HIGH transition on 
RESET which remains active for more than 16 system clock cycles. During 
RESET active, the output pins of the 80286 enter the state shown below: 


80286 Pin State During Reset 


Pin Value 


Pin Names 


1 (HIGH) 
0(LOW) 
3-state OFF 


SO, S1, PEACK, A23-A0, BHE, LOCK 
M/IC5, COD/INTA, HLDA (Note 1) 
D15-D0 


Operation of the 80286 begins after a HIGH to LOW transition on RESET. 
The HIGH to LOW transition of RESET must be synchronous to the system 
clock. Approximately 38 CLK cycles from the trailing edge of RESET are 
required by the 80286 for internal initialization before the first bus cycle, to 
fetch code from the power-on execution address, occurs. 
A LOW to HIGH transition of RESET synchronous to the system clock will 
end a processor cycle at the second HIGH to LOW transition of the system 
clock. The LOW to HIGH transition of RESET may be asynchronous to the 
system clock; however, in this case it cannot be predetermined which phase 
of the processor clock will occur during the next system clock period, 
Synchronous LOW to HIGH transitions of RESET are required only for 
systems where the processor clock must be phase synchronous to another 
clock. 


v S s 


I 


SYSTEM GROUND: Volts. 


Vcc 


I 


SYSTEM POWER: + 5 Volt Power Supply. 


CAP 


I 


SUBSTRATE FILTER CAPACITOR: a 0.047 /aF ± 20% 12V capacitor must 
be connected between this pin and ground. This capacitor filters the output of 
the internal substrate bias generator. A maximum DC leakage current of 1 /xA 
is allowed through the capacitor. 

For correct operation of the 80286, the substrate bias generator must charge 
this capacitor to its operating voltage. The capacitor chargeup time is 5 
milliseconds (max.) after Vcc end CLK reach their specified AC and DC 
parameters. RESET may be applied to prevent spurious activity by the CPU 
during this time. After this time, the 80286 processor clock can be 
synchronized to another clock by pulsing RESET LOW synchronous to the 
system clock. 



NOTE: 

1. HLDA is only Low if HOLD is inactive (Low). 
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FUNCTIONAL DESCRIPTION 

Introduction 

The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for 
multiple user and multi-tasking systems. Depending 
on the application, a 12 MHz 80286's performance 
is up to six times faster than the standard 5 MHz 
8086's, while providing complete upward software 
compatibility with Intel's 8086, 88, and 186 family of 
CPU's. 

The 80286 operates in two modes: 8086 real ad- 
dress mode and protected virtual address mode. 
Both modes execute a superset of the 8086 and 88 
instruction set. 

In 8086 real address mode programs use real ad- 
dresses with up to one megabyte of address space. 
Programs use virtual addresses in protected virtual 
address mode, also called protected mode. In pro- 
tected mode, the 80286 CPU automatically maps 1 
gigabyte of virtual addresses per task into a 16 
megabyte real address space. This mode also pro- 
vides memory protection to isolate the operating 
system and ensure privacy of each tasks' programs 
and data. Both modes provide the same base in- 
struction set, registers, and addressing modes. 

The following Functional Description describes first, 
the base 80286 architecture common to both 
modes, second, 8086 real address mode, and third, 
protected mode. 

80286 BASE ARCHITECTURE 



addressing modes. The 80286 processor is upward 
compatible with the 8086, 8088, and 80186 CPU's. 



Register Set 

The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into 
the following four categories: 

General Registers: Eight 16-bit general purpose 
registers used to contain arithmetic and logical oper- 
ands. Four of these (AX, BX, CX, and DX) can be 
used either in their entirety as 16-bit words or split 
into pairs of separate 8-bit registers. 

Segment Registers: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. (For usage, refer to Memory Organi- 
zation.) 

Base and Index Registers: Four of the general pur- 
pose registers may also be used to determine offset 
addresses of operands in memory. These registers 
may contain base addresses or indexes to particular 
locations within a segment. The addressing mode 
determines the specific registers used for operand 
address calculations. 

Status and Control Registers: The 3 16-bit special 
purpose registers in figure 3A record or control cer- 
tain aspects of the 80286 processor state including 
the Instruction Pointer, which contains the offset ad- 
dress of the next sequential instruction to be execut- 
ed. 



The 8086, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and 
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Figure 3. Register Set 
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Figure 3a. Status and Control Register Bit Functions 



Flags Word Description 

The Flags word (Flags) records specific characteris- 
tics of the result of logical and arithmetic instructions 
(bits 0, 2, 4, 6, 7, and 11) and controls the operation 
of the 80286 within a given operating mode (bits 8 
and 9). Flags is a 16-bit register. The function of the 
flag bits is given in Table 2. 



Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in 
the instruction itself, or in memory. Zero-operand in- 
structions (e.g. NOP and HLT) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) 
are usually two bytes long but some are encoded in 
only one byte. One-operand instructions may refer- 
ence a register or memory location. Two-operand 
instructions permit the following six types of instruc- 
tion operations: 

—Register to Register 
—Memory to Register 
—Immediate to Register 
—Memory to Memory 
—Register to Memory 
—Immediate to Memory 



Table 2. 


Flags Word Bit Functions 


Bit 
Position 


Name 


Function 





CF 


Carry Flag— Set on high-order bit 
carry or borrow; cleared otherwise 


2 


PF 


Parity Flag— Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


6 


ZF 


Zero Flag— Set if result is zero; 
cleared otherwise 


7 


SF 


Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


11 


OF 


Overflow Flag — Set if result is a too- 
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 


8 


TF 


Single Step Flag— Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-enable Flag— When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag— Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing DF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a special class of string 
instructions requiring one to three bytes. For de- 
tailed instruction formats and encodings refer to the 
instruction set summary at the end of this document. 

For detailed operation and usage of each instruc- 
tion, see Appendix of 80286 Programmer's Refer- 
ence Manual (Order No. 210498) 



GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 



Figure 4a. Data Transfer Instructions 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



Figure 4c. String instructions 



ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiple byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 


Figure 4b. Arithmetic Instructions 


LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 



Figure 4d. Shift/Rotate Logical Instructions 
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CONDITIONAL TRANSFERS 


UNCONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


CALL 


Call procedure 


JAE/JNB 


Jump if above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump if below/not above nor equal 


JMP 


Jump 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


ITERATION CONTROLS 


JE/JZ 


Jump if equal/zero 


LOOP 


Loop 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


LOOPE/LOOPZ 


Loop if equal/zero 


JL/JNGE 


Jump if less/not greater nor equal 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JLE/JNG 


Jump if less or equal/not greater 


JCXZ 


Jump if register CX = 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


INTERRUPTS 


JNO 


Jump if not overflow 


INT 


interrupt 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


INTO 


Interrupt if overflow 


JO 


Jump if overflow 


IRET 


Interrupt return 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for BUSY not active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP | No operation 


EXECUTION ENVIRONMENT CONTROL 


LMSW 


Load machine status word 


SMSW 


Store machine status word 



Figure 4e. Program Transfer Instructions 



Memory Organization 



Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous se- 
quence of up to 64K (2 16 ) 8-bit bytes. Memory is 
addressed using a two component address (a point- 
er) that consists of a 1 6-bit segment selector, and a 
1 6-bit offset. The segment selector indicates the de- 
sired segment in memory. The offset component in- 
dicates the desired byte address within the segment. 



Figure 4f. Processor Control instructions 



ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 
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Figure 4g. High Levei Instructions 



Figure 5. Two Component Address 
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Table 3. Segment Register Selection Rules 



Memory 
Reference Needed 


Segment Register 
Used 


Implicit Segment 
Selection Rule 


Instructions 


Code(CS) 


Automatic with instruction prefetch 


Stack 


Stack (SS) 


All stack pushes and pops. Any memory reference which uses BP 
as a base register. 


Local Data 


Data(DS) 


All data references except when relative to stack or 
string destination 


External (Global) Data 


Extra (ES) 


Alternate data segment and destination of string operation 



All instructions that address operands in memory 
must specify the segment and the offset. For speed 
and compact instruction encoding, segment selec- 
tors are usually stored in the high speed segment 
registers. An instruction need specify only the de- 
sired segment register and an offset in order to ad- 
dress a memory operand. 

Most instructions need not explicitly specify which 
segment register is used. The correct segment reg- 
ister is automatically chosen according to the rules 
of Table 3. These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data/and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 



Addressing Modes 

The 80286 provides a total of eight addressing 
modes for instructions to specify operands. Two ad- 
dressing modes are provided for instructions that 
operate on register or immediate operands: 

Register Operand Mode: The operand is locat- 
ed in one of the 8 or 1 6-bit general registers. 

Immediate Operand Mode: The operand is in- 
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: seg- 
ment selector and offset. The segment selector is 
supplied by a segment register either implicitly cho- 
sen by the addressing mode or explicitly chosen by 
a segment override prefix. The offset is calculated 
by summing any combination of the following three 
address elements: 

the displacement (an 8 or 1 6-bit immediate val- 
ue contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 
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Figure 6. Segmented Memory Helps 
Structure Software 

the index (contents of either the SI or Dl index 
registers) 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 1 6-bit 
values. 

Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 

Direct Mode: The operand's offset is contained in 
the instruction as an 8 or 16-bit displacement ele- 
ment. 

Register Indirect Mode: The operand's offset is in 
one of the registers SI, Dl, BX, or BP. 

Based Mode: The operand's offset is the sum of an 
8 or 1 6-bit displacement and the contents of a base 
register (BX or BP). 
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Indexed Mode: The operand's offset is the sum of 
an 8 or 16-bit displacement and the contents of an 
index register (SI or Dl). 

Based Indexed Mode; The operand's offset is the 
sum of the contents of a base register and an index 
register. 

Based Indexed Mode with Displacement: The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8 or 16-bit 
displacement. 



Data Types 

The 80286 directly supports the following data 
types: 

Integer: A signed binary numeric value con- 

tained in an 8-bit byte or a 16-bit 
word. All operations assume a 2's 
complement representation. Signed 
32 and 64-bit integers are supported 
using the Numeric Data Processor, 
the 80287. 

Ordinal: An unsigned binary numeric value 

contained in an 8-bit byte or 16-bit 
word. 

Pointer: A 32-bit quantity, composed of a 

segment selector component and an 
offset component. Each component 
is a 16-bit word. 

String: A contiguous sequence of bytes or 

words. A string may contain from 1 
byte to 64K bytes. 

ASCII: A byte representation of alphanu- 

meric and control characters using 
the ASCII standard of character rep- 
resentation. 

BCD: A byte (unpacked) representation of 

the decimal digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 storing one 
digit in each nibble of the byte. 

Floating Point: A signed 32, 64, or 80-bit real num- 
ber representation. (Floating point 
operands are supported using the 
80287 Numeric Processor). 

Figure 7 graphically represents the data types sup- 
ported by the 80286. 



I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. I/O instructions address the I/O space with 



either an 8-bit port address, specified in the instruc- 
tion, or a 16-bit port address in the DX register. 8-bit 
port addresses are zero extended such that A15-A8 
are LOW. I/O port addresses 00F8(H) through 
00FF(H) are reserved. 
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Figure 7. 80286 Supported Data Types 
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Table 4. Interrupt Vector Assignments 


Function 


Interrupt 
Number 


Related 
Instructions 


Does Return Address 
Point to Instruction 
Causing Exception? 


Divide error exception 





DIVJDIV 


Yes 


Single step interrupt 


1 


All 




NMI interrupt 


2 


INT 2 or NMI pin 


■ ■ / ■ ■ 


Breakpoint interrupt 


3 


INT3 




INTO detected overflow exception 


4 


INTO 


No 


BOUND range exceeded exception 


5 


BOUND 


Yes 


Invalid opcode exception 


6 


Any undefined opcode 


Yes 


Processor extension not available exception 


7 


ESC or WAIT 


Yes 


Intel reserved -do not use 


8-15 






Processor extension error interrupt 


16 


ESC or WAIT 




Intel reserved -do not use 


17-31 






User defined 


32-255 







Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Flags) are saved on the stack to allow 
resumption of the interrupted program. Interrupts fall 
into three classes: hardware initiated, INT instruc- 
tions, and instruction exceptions. Hardware initiated 
interrupts occur in response to an external input and 
are classified as non-maskable or maskable. Pro- 
grams may cause an interrupt with an INT instruc- 
tion. Instruction exceptions occur when an unusual 
condition, which prevents further instruction pro- 
cessing, is detected while attempting to execute an 
instruction. The return address from an exception 
will always point at the instruction causing the ex- 
ception and include any leading instruction prefixes. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. For each interrupt, an 
8-bit vector must be supplied to the 80286 which 
identifies the appropriate table entry. Exceptions 
supply the interrupt vector internally. INT instructions 
contain or imply the vector and allow access to all 
256 interrupts. Maskable hardware initiated inter- 
rupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maska- 
ble hardware interrupts use a predefined internally 
supplied vector. 



MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by 



setting the interrupt flag bit (IF) in the flag word. All 
224 user-defined interrupt sources can share this in- 
put, yet they can retain separate interrupt handlers. 
An 8-bit vector read by the CPU during the interrupt 
acknowledge sequence (discussed in System Inter- 
face section) identifies the source of the interrupt. 

Further maskable interrupts are disabled while serv- 
icing an interrupt by resetting the IF bit as part of the 
response to an interrupt or exception. The saved 
flag word will reflect the enable status of the proces- 
sor prior to the interrupt. Until the flag word is re- 
stored to the flag register, the interrupt flag will be 
zero unless specifically set. The interrupt return in- 
struction includes restoring the flag word, thereby 
restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable interrupt input (NMI) is also provid- 
ed. NMI has higher priority than INTR. A typical use 
of NMI would be to activate a power failure routine. 
The activation of this input causes an interrupt with 
an internally supplied vector value of 2. No external 
interrupt acknowledge sequence is performed. 

While executing the NMI servicing procedure, the 
80286 will service neither further NMI requests, 
INTR requests, nor the processor extension seg- 
ment overrun interrupt until an interrupt return (I RET) 
instruction is executed or the CPU is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. IF is cleared at the beginning of an 
NMI interrupt to inhibit INTR interrupts. 
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SINGLE STEP INTERRUPT 

The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single step interrupt and is controlled by 
the single step flag bit (TF) in the flag word. Once 
this bit is set, an internal single step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they 
are processed in a fixed order as shown in Table 5. 
Interrupt processing involves saving the flags, return 
address, and setting CS:IP to point at the first in- 
struction of the interrupt handler. If other interrupts 
remain enabled they are processed before the first 
instruction of the current interrupt handler is execut- 
ed. The last interrupt processed is therefore the first 
one serviced. 

Table 5. Interrupt Processing Order 



Table 6. 80286 Initial Register State after RESET 



Order 


Interrupt 


1 


Instruction exception 


2 


Single step 


3 


NMI 


4 


Processor extension segment overrun 


5 


INTR 


6 


INT instruction 



Initialization and Processor Reset 

Processor initialization or start up is accomplished 
by driving the RESET input pin HIGH. RESET forces 
the 80286 to terminate all execution and local bus 
activity. No instruction or bus activity will occur as 
long as RESET is active. After RESET becomes in- 
active and an internal processing interval elapses, 
the 80286 begins execution in real address mode 
with the instruction at physical location FFFFFO(H). 
RESET also sets some registers to predefined val- 
ues as shown in Table 6. 



Flag word 


0002(H) 


Machine Status Word 


FFF0(H) 


Instruction pointer 


FFF0(H) 


Code segment 


F000(H) 


Data segment 


0000(H) 


Extra segment 


0000(H) 


Stack segment 


0000(H) 



HOLD must not be active during the time from the 
leading edge of RESET to 34 CLKs after the trailing 
edge of RESET. 

Machine Status Word Description 

The machine status word (MSW) records when a 
task switch takes place and controls the operating 
mode of the 80286. It is a 16-bit register of which the 
lower four bits are used. One bit places the CPU into 
protected mode, while the other three bits, as shown 
in Table 7, control the processor extension interface. 
After RESET, this register contains FFF0(H) which 
places the 80286 in 8086 real address mode. 

Table 7. MSW Bit Functions 



Bit 
Position 


Name 


Function 





PE 


Protected mode enable places the 
80286 into protected mode and cannot 
be cleared except by RESET. 


1 


MP 


Monitor processor extension allows 
WAIT instructions to cause a processor 
extension not present exception 
(number 7). 


2 


EM 


Emulate processor extension causes a 
processor extension not present 
exception (number 7) on ESC 
instructions to allow emulating a 
processor extension. 


3 


TS 


Task switched indicates the next 
instruction using a processor extension 
will cause exception 7, allowing software 
to test whether the current processor 
extension context belongs to the current 
task. 



The LMSW and SMSW instructions can load and 
store the MSW in real address mode. The recom- 
mended use of TS, EM, and MP is shown in Table 8. 



Table 8. Recommended MSW Encodings For Processor Extension Control 



TS 


MP 


EM 


Recommended Use 


Instructions 

Causing 
Exception 7 











Initial encoding after RESET. 80286 operation is identical to 8086, 88. 


None 








1 


No processor extension is available. Software will emulate its function. 


ESC 


1 





1 


No processor extension is available. Software will emulate its function. The current 
processor extension context may belong to another task. 


ESC 





1 





A processor extension exists. 


None 


1 


1 





A processor extension exists. The current processor extension context may belong to 
another task. The Exception 7 on WAIT allows software to test for an error pending 
from a previous processor extension operation. 


ESC or 
WAIT 
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Halt 

The HLT instruction stops program execution and 
prevents the CPU from using the local bus until re- 
started. Either NMI, INTR with IF = 1 , or RESET will 
force the 80286 out of halt. If interrupted, the saved 
CS:IP will point to the next instruction after the HLT. 



8086 REAL ADDRESS MODE 

The 80286 executes a fully upward-compatible su- 
perset of the 8086 instruction set in real address 
mode. In real address mode the 80286 is object 
code compatible with 8086 and .8088 software. The 
real address mode architecture (registers and ad- 
dressing modes) is exactly as described in the 
80286 Base Architecture section of this Functional 
Description. 



Memory Size 

Physical memory is a contiguous array of up to 
1,048,576 bytes (o ne me gabyte) addressed by pins 
Aq through A-ig and BHE. A20 through A23 should be 
ignored: 



Memory Addressing 

In real address mode physical memory is a contigu- 
ous array of up to 1,048,576 bytes (one mega byte) 
addressed by pins Aq through A-j 9 and BHE. Ad- 
dress bits A20-A23 may not always be zero in real 
mode. A20-A23 should not be used by the system 
while the 80286 is operating in Real Mode. 

The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always 
zero. Segment addresses, therefore, begin on multi- 
ples of 16 bytes. See Figure 8 for a graphic repre- 
sentation of address information. 

All segments in real address mode are 64K bytes in 
size and may be read, written, or executed. An ex- 
ception or interrupt can occur if data operands or 
instructions attempt to wrap around the end of a 
segment (e.g. a word with its low order byte at offset 
FFFF(H) and its high order byte at offset 0000(H). If, 
in real address mode, the information contained in a 
segment does not use the full 64K bytes, the unused 
end of the segment may be overlayed by another 
segment to reduce physical memory requirements. 



Reserved Memory Locations 

The 80286 reserves two fixed areas of memory in 
real address mode (see Figure 9); system initializa- 



tion area and interrupt table area. Locations from 
addresses FFFFO(H) through FFFFF(H) are re- 
served for system initialization. Initial execution be- 
gins at location FFFFO(H). Locations 00000(H) 
through 003FF(H) are reserved for interrupt vectors. 
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Figure 8. 8086 Real Address Mode 
Address Calculation 



RESET BOOTSTRAP 
PROGRAM JUMP 



INTERRUPT POINTER 
FOR VECTOR 255 



*V 



INTERRUPT POINTER 
FOR VECTOR 1 



INTERRUPT POINTER 
FOR VECTOR 



FFFFFH 
FFFF0H 

3FFH 
3FCH 

7H 

4H 
3H 



INITIAL CS:IP VALUE IS F000:FFF0. 
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Figure 9. 8086 Real Address Mode Initially 
Reserved Memory Locations 
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Table 9. Real Address Mode Addressing Interrupts 



Function 


Interrupt 
Number 


Related 
Instructions 


Return Address 
Before Instruction? 


Interrupt table limit too small exception 


8 


INT vector is not within table limit 


Yes 


Processor extension segment overrun 
interrupt 


9 


ESC with memory operand extend- 
ing beyond offset FFFF(H) 


No 


Segment overrun exception 


13 


Word memory reference with offset 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 


Yes 



Interrupts 

Table 9 shows the interrupt vectors reserved for ex- 
ceptions and interrupts which indicate an addressing 
error. The exceptions leave the CPU in the state ex- 
isting before attempting to execute the failing in- 
struction (except for PUSH, POP, PUSHA, or POPA). 
Refer to the next section on protected mode initiali- 
zation for a discussion on exception 8. 



Protected Mode Initialization 

To prepare the 80286 for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table 
base and 16-bit limit for the protected mode interrupt 
table. This instruction can also set a base and limit 
for the interrupt vector table in real address mode. 
After reset, the interrupt table base is initialized to 
000000(H) and its size set to 03FF(H). These values 
are compatible with 8086, 88 software. LIDT should 
only be executed in preparation for protected mode. 



Shutdown 

Shutdown occurs when a severe error is detected 
that prevents further instruction processing by the 
CPU. Shutdown and halt are externally signalled via 
a halt bus operation. They can be distinguished by 
Ai HIGH for halt and A-j LOW for shutdown. In real 
address mode, shutdown can occur under two con- 
ditions: 

• Exceptions 8 or 13 happen and the IDT limit does 
not include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if 
the IDT limit is at least 000F(H) and SP is greater 
than 0005(H), otherwise shutdown can only be exit- 
ed via the RESET input. 



PROTECTED VIRTUAL ADDRESS 
MODE 

The 80286. executes a fully upward-compatible su- 
perset of the 8086 instruction set in protected virtual 
address mode (protected mode). Protected mode 
also provides memory management and protection 
mechanisms and associated instructions. 

The 80286 enters protected virtual address mode 
from real address mode by setting the PE (Protec- 
tion Enable) bit of the machine status word with the 
Load Machine Status Word (LMSW) instruction. Pro- 
tected mode offers extended physical and virtual 
memory address space, memory protection mecha- 
nisms, and new operations to support operating sys- 
tems and virtual memory. 

All registers, instructions, arid addressing modes de- 
scribed in the 80286 Base Architecture section of 
this Functional Description remain the same. Pro- 
grams for the 8086, 88, 186, and real address mode 
80286 can be run in protected mode; however, em- 
bedded constants for segment selectors are differ- 
ent. 



Memory Size 

The protected mode 80286 provides a 1 gigabyte 
virtual address space per task mapped into a 16 
megabyte physical addre ss sp ace defined by the ad- 
dress pin A23-A0 and BHE. The virtual address 
space may be larger than the physical address 
space since any use of an address that does not 
map to a physical memory location will cause a re- 
startable exception. 



Memory Addressing 

As in real address mode, protected mode uses 32- 
bit pointers, consisting of 16-bit selector and offset 
components. The selector, however, specifies an in- 
dex into a memory resident table rather than the up- 
per 16-bits of a real memory address. The 24-bit 
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base address of the desired segment is obtained 
from the tables in memory. The 16-bit offset is add- 
ed to the segment base address to form the physical 
address as shown in Figure 10. The tables are auto- 
matically referenced by the CPU whenever a seg- 
ment register is loaded with a selector. All 80286 
instructions which load a segment register will refer- 
ence the memory based tables without additional 
software. The, memory based tables contain 8 byte 
values called descriptors. 



POINTER SELECTOR OFFSET 




SEGMENT BASE 
ADDRESS 



PHYSICAL MEMORY 



MEMORY 
OPERAND 



DESCRIPTOR 



SEGMENT 

DESCRIPTOR 

TABLE 



Figure 10. Protected Mode Memory Addressing 



DESCRIPTORS 

Descriptors define the use of memory. Special types 
of descriptors also define new functions for transfer 
of control and task switching. The 80286 has seg- 
ment descriptors for code, stack and data segments, 
and system control descriptors for special system 
data segments and control transfer operations/De- 
scriptor accesses are performed as locked bus op- 
erations to assure descriptor integrity in multi-proc- 
essor systems. 

CODE AND DATA SEGMENT DESCRIPTORS 
(S = 1) 

Besides segment base addresses, code and data 
descriptors contain other segment attributes includ- 
ing segment size (1 to 64K bytes), access rights 
(read only, read/write, execute only, and execute/ 
read), and presence in memory (for virtual memory 
systems) (See Figure 1 1 ). Any segment usage vio- 
lating a segment attribute indicated by the segment 
descriptor will prevent the memory cycle and cause 
an exception or interrupt. 

Code or Data Segment Descriptor 



ACCESS 
RIGHTS BYTE 



+ 7 


INTEL RESERVED* 


+ 5 


P 


DPL 


S 


TYPE 
1 1 


A 


BASE 2 3-i 8 


+3 


BASE 15 _o 

i 


+ 1 


LIMITis-o 

* J , 
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Access Rights Byte Definition 



Type 
Field 
Definition 



Bit 
Position 


Name 


Function 


7 

6-5 
4 


Present (P) 

Descriptor Privilege 
Level (DPL) 
Segment Descrip- 
tor^) 


P=1 Segment is mapped into physical memory. 
P = No mapping to physical memory exits, base and limit are 
not used. 
Segment privilege attribute used in privilege tests. 

S = 1 Code or Data (includes stacks) segment descriptor 
S = System Segment Descriptor or Gate Descriptor 


3 
2 

1 


Executable (E) 
Expansion Direc- 
tion (ED) 
Writeable (W) 


E = Data segment descriptor type is: 

ED = Expand up segment, offsets must be <. limit. 

ED = 1 Expand down segment, offsets must be > limit. 

W = Data segment may not be written into. 

W = 1 Data segment may be written into. . 


If 

Data 
Segment 
(S = 1, 
E = 0) 


3 
2 

1 


Executable (E) 
Conforming (C) 

Readable (R) 


E = 1 Code Segment Descriptor type is: 
C = 1 Code segment may only be executed 

when CPL^ DPL and CPL 

remains unchanged. 
R =0 Code segment may not be read 
R = 1 Code segment may be read. 


If 

Code 

Segment 

(S=1, 
E = 1) 





Accessed (A) 


A - Segment has not been accessed. 
A = 1 Segment selector has been loaded into segment register 
or used by selector test instructions. 



Figure 11. Code and Data Segment Descriptor Formats 
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Code and data (including stack data) are stored in 
two types of segments: code segments and data 
segments. Both types are identified and defined by 
segment descriptors (S = 1). Code segments are 
identified by the executable (E) bit set to 1 in the 
descriptor access rights byte. The access rights byte 
of both code and data segment descriptor types 
have three fields in common: present (P) bit, De- 
scriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will 
cause a not-present exception. DPL specifies the 
privilege level of the segment descriptor. DPL con- 
trols when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed 
for usage profiling, a necessity for virtual memory 
systems. The CPU will always set this bit when ac- 
cessing the descriptor. 

Data segments (S = 1 , E = 0) may be either read- 
only or read-write as controlled by the W bit of the 
access rights byte. Read-only (W = 0) data seg- 
ments may not be written into. Data segments may 
grow in two directions, as determined by the Expan- 
sion Direction (ED) bit: upwards (ED = 0) for data 
segments, and downwards (ED = 1) for a segment 
containing a stack. The limit field for a data segment 
descriptor is interpreted differently depending on the 
ED bit (see Figure 11). 

A code segment (S = 1, E = 1) may be execute- 
only or execute/read as determined by the Read- 
able (R) bit. Code segments may never be written 
into and execute-only code segments (R = 0) may 
not be read. A code segment may also have an attri- 
bute called conforming (C). A conforming code seg- 
ment may be shared by programs that execute at 
different privilege levels. The DPL of a conforming 
code segment defines the range of privilege levels 
at which the segment may be executed (refer to priv- 
ilege discussion below). The limit field identifies the 
last byte of a code segment. 

SYSTEM SEGMENT DESCRIPTORS (S = 0, 
TYPE = 1-3) 

In addition to code and data segment descriptors, 
the protected mode 80286 defines System Segment 
Descriptors, These descriptors define special sys- 
tem data segments which contain a table of descrip- 
tors (Local Descriptor Table Descriptor) or segments 
which contain the execution state of a task (Task 
State Segment Descriptor). 

Figure 12 gives the formats for the special system 
data segment descriptors. The descriptors contain a 
24-bit base address of the segment and a 1 6-bit lim- 
it. The access byte defines the type of descriptor, its 
state and privilege level. The descriptor contents are 
valid and the segment is in physical memory if P = 1 . 
If P = 0, the segment is not valid. The DPL field is 
only used in Task State Segment descriptors and 
indicates the privilege level at which the descrip- 



tor may be used (see Privilege). Since the Local De- 
scriptor Table descriptor may only be used by a spe- 
cial privileged instruction, the DPL field is not used. 
Bit 4 of the access byte is to indicate that it is a 
system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 

System Segment Descriptor 





7 7 


+6 
+4 
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+ 7 
+ 5 
+ 3 
+ 1 


INTEL RESERVED* 


P 


DPL 





TYPE 
1 1 1 


■ASE»-16 


BASEis-o 


UIIITu-o 


IS 17 

*Must be set to for compatibility with 80386. 



System Segment Descriptor Fields 



Name 


Value 


Description 


TYPE 


1 
2 
3 


Available Task State Segment (TSS) 

Local Descriptor Table 

Busy Task State Segment (TSS) 


P 



1 


Descriptor contents are not valid 
Descriptor contents are valid 


DPL 


0-3 


Descriptor Privilege Level 


BASE 


24-bit 
number 


Base Address of special system data 
segment in real memory 


LIMIT 


16-bit 
number 


Offset of last byte in segment 



Figure 12. System Segment Descriptor Format 

GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points 
within the target code segment. The gate descrip- 
tors are call gates, task gates, interrupt gates and 
trap gates. Gates provide a level of indirection be- 
tween the source and destination of the control 
transfer. This indirection allows the CPU to automati- 
cally perform protection checks and control entry 
point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates 
are used to perform a task switch, and interrupt and 
trap gates are used to specify interrupt service rou- 
tines. The interrupt gate disables interrupts (resets 
IF) while the trap gate does not. 

Gate Descriptor 





7 07 




+ 7 

+ 5 
+ 3 
+ 1 


INTEL RE 


SERVED* 


+ 6 

+ 4 

+ 2 




P 


DPL 

i 





TYPE 

1 1 1 


XXX 

1 l 


WORD 
COUNT4-0 


DESTINATION SELECTOR^ 


X X 

« 


DESTINATION OFFSET 1S -o 
l 


* Must be set 


15 8 7 
2 

to for compatibility with 80386 (X is 


10253-13 
don't care) 
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Gate Descriptor Fields 



Name 


Value 


Description 


TYPE 


4 
5 
6 
7 


-Call Gate 
-Task Gate 
-Interrupt Gate 
-Trap Gate 


p 



1 


-Descriptor Contents are not 

valid 

-Descriptor Contents are 

valid 


DPL 


0-3 


Descriptor Privilege Level 


WORD 
COUNT 


0-31 


Number of words to copy 
from callers stack to called 
procedures stack. Only used 
with call gate. 


DESTINATION 
SELECTOR 


16-bit 
selector 


Selector to the target code 
segment (Call, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION 
OFFSET 


16-bit 
offset 


Entry point within the target 
code segment 



Figure 13. Gate Descriptor Format 

Figure 13 shows the format of the gate descriptors. 
The descriptor contains a destination pointer that 
points to the descriptor of the target segment and 
the entry point offset. The destination selector in an 
interrupt gate, trap gate, and call gate must refer to a 
code segment descriptor. These gate descriptors 
contain the entry point to prevent a program from 
constructing and using an illegal entry point. Task 
gates may only refer to a task state segment. Since 
task gates invoke a task switch, the destination off- 
set is not used in the task gate. 

Exception 1 3 is generated when the gate is used if a 
destination selector does not refer to the correct de- 
scriptor type. The word count field is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the 
caller's stack to the stack of the called routine when 
a control transfer changes privilege levels. The word 
count field is not used by any other gate descriptor. 

The access byte format is the same for all gate de- 
scriptors. P = 1 indicates that the gate contents are 
valid. P = indicates the contents are not valid and 
causes exception 11 if referenced. DPL is the de- 



scriptor privilege level and specifies when this de- 
scriptor may be used by a task (refer to privilege 
discussion below). Bit 4 must equal to indicate a 
system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 13. 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to 
each of the four segment registers (CS, SS, OS, ES). 
Segment descriptors are automatically loaded 
(cached) into a segment descriptor cache register 
(Figure 14) whenever the associated segment regis- 
ter is loaded with a selector. Only segment descrip- 
tors may be loaded into segment descriptor cache 
registers. Once loaded, all references to that seg- 
ment of memory use the cached descriptor informa- 
tion instead of reaccessing the descriptor. The de- 
scriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They 
only change when a segment register is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields: descrip- 
tor entry index, local or global descriptor table indi- 
cator (Tl), and selector privilege (RPL) as shown in 
Figure 15. These fields select one of two memory 
based tables of descriptors, select the appropriate 
table entry and allow highspeed testing of the selec- 
tor's privilege attribute (refer to privilege discussion 
below). 



INDEX 
i I I I I I I I 



1-0 


REQUESTED 
PRIVILEGE 
LEVEL 
(RPL) 


INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 


2 


TABLE 

INDICATOR 

(Tl) 


Tl = USE GLOBAL DESCRIPTOR TABLE 

(GOT) 
Tl = 1 USE LOCAL DESCRIPTOR TABLE 

(LDT) 


15-3 


INDEX 


SELECT DESCRIPTOR ENTRY IN TABLE 
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Figure 15. Selector Fields 
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Figure 14. Descriptor Cache Registers 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any 
given time. A descriptor table is a linear array, of up 
to 8192 descriptors. The upper 13 bits of the selec- 
tor value are an index into a descriptor table. Each 
table has a 24-bit base register to locate the descrip- 
tor table in physical memory and a 1 6-bit limit regis- 
ter that confine descriptor access to the defined lim- 
its of the table as shown in Figure 16. A restartable 
exception (13) will occur if an attempt is made to 
reference a descriptor outside the table limits. 

One table, called the Global Descriptor table (GDT), 
contains descriptors available to all tasks. The other 
table, called the Local Descriptor Table (LDT), con- 
tains descriptors that can be private to a task. Each 
task may have its own private LDT. The GDT may 
contain all descriptor types except interrupt and trap 
descriptors. The LDT may contain only segment, 
task gate, and call gate descriptors. A segment can- 
not be accessed by a task if its segment descriptor 
does not exist in either descriptor table at the time of 
access. 
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Figure 16. Local and Global 
Descriptor Table Definition 

The LGDT and LLDT instructions load the base and 
limit of the global and local descriptor tables. LGDT 
and LLDT are privileged, i.e. they may only be exe- 
cuted by trusted programs operating at level 0. The 
LGDT instruction loads a six byte field containing the 
1 6-bit table limit and 24-bit physical base address of 
the Global Descriptor Table as shown in Figure 17. 
The LLDT instruction loads a selector which refers 
to a Local Descriptor Table descriptor containing the 



base address and limit for 
ure 12. 


an LDT, as shown in Fig- 




7 7 




+ 5 
+ 3 
+ 1 


INTEL RESERVED* 


BASE23 16 


+ 4 

+ 2 




BASE 15 -o 
1 


LIMIT 15 _ 


IS 8 7 

210253-17 
*Must be set to for compatibility with 80386. 



Figure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 

INTERRUPT DESCRIPTOR TABLE 

The protected mode 80286 has a third descriptor 
table, called the Interrupt Descriptor Table (IDT) 
(see Figure 18), used to define up to 256 interrupts. 
It may contain only task gates, interrupt gates and 
trap gates. The IDT (Interrupt Descriptor Table) has 
a 24-bit physical base and 1 6-bit limit register in the 
CPU. The privileged LIDT instruction loads these 
registers with a six byte value of identical form to 
that of the LGDT instruction (see Figure 1 7 and Pro- 
tected Mode Initialization). 
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Figure 18. Interrupt Descriptor Table Definition 

References to IDT entries are made via INT instruc- 
tions, external interrupt vectors, or exceptions. The 
IDT must be at least 256 bytes in size to allocate 
space for all reserved interrupts. 

Privilege 

The 80286 has a four-level hierarchical privilege sys- 
tem which controls the use of privileged instructions 
and access to descriptors (and their associated seg- 
ments) within a task. Four-level privilege, as shown 
in Figure 1 9, is an extension of the user/supervisor 
mode commonly found in minicomputers. The privi- 
lege levels are numbered through 3. Level is the 
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NOTE: PL BECOMES NUMERICALLY LOWER AS PRIVILEGE LEVEL 
INCREASES 



210253-19 



most privileged level. Privilege levels provide protec- 
tion within a task. (Tasks are isolated by providing 
private LbT's for each task.) Operating system rou- 
tines, interrupt handlers, and other system software 
can be included and protected within the virtual ad- 
dress space of each task using the four levels of 
privilege. Each task in the system has a separate 
stack for each of its privilege levels. 

Tasks, descriptors, and selectors have a privilege 
level attribute that determines whether the descrip- 
tor may be used. Task privilege effects the use of 
instructions and descriptors. Descriptor and selector 
privilege only effect access to the descriptor. 

TASK PRIVILEGE 

A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is called the Current Privilege Level (CPL) and is de- 
fined by the lower two bits of the CS register. GPL 
cannot change during execution in a single code 
segment. A task's CPL may only be changed by con- 
trol transfers through gate descriptors to a new code 
segment (See Control Transfer), Tasks begin exe- 
cuting at the CPL value specified by the code seg- 
ment selector within TSS when the task is initiated 
via a task switch operation (See Figure 20). A task 
executing at Level can access all data segments 
defined in the GDT and the task's LDT and is con- 
sidered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 

DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor 
Privilege Level (DPL) field of the descriptor access 
byte, DPL specifies the least trusted task privilege 
level (CPL) at which a task may access the descrip- 



tor. Descriptors with DPL = are the most protect- 
ed. Only tasks executing at privilege level 
(CPL - 0) may access them. Descriptors with DPL 
= 3 are the least protected (i.e. have the least re- 
stricted access) since tasks can access them when 
CPL = 0,1, 2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 

SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Priv- 
ilege Level (RPL) field in the least significant two bits 
of a selector. Selector RPL may establish a less 
trusted privilege level than the current privilege level 
for the use of a selector. This level is called the 
task's effective privilege level (EPL). RPL can only 
reduce the scope of a task's access to data with this 
selector. A task's effective privilege is the numeric 
maximum of RPL and CPL. A selector with RPL = 
imposes no additional restriction on its use while a 
selector with RPL = 3 pan only refer to segments at 
privilege Level 3 regardless of the task's CPL. RPL 
is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed 
to use data at a more privileged level than the caller 
(refer to pointer testing instructions). 

Descriptor Access and Privilege 
Validation 

Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed, 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL. The two basic types of segment 
accesses are control transfer (selectors loaded into 
CS) and data (selectors loaded into DS, ES or SS). 

DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code 
segment descriptor. The CPL of the task and the 
RPL of the selector must be the same as or more 
privileged (numerically equal to or lower than) than 
the descriptor DPL. In general, a task can only ac- 
cess data segments at the same or less privileged 
levels than the CPL or RPL (whichever is numerically 
higher) to prevent a program from accessing data it 
cannot be trusted to use. 

An exception to the rule is a readable conforming 
code segment. This type of code segment can be 
read from any privilege level. 

If the privilege checks fail (e.g. DPL is numerically 
less than the maximum of CPL and RPL) or an incor- 
rect type of descriptor is referenced (e.g. gate de- 
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scriptor or execute only code segment) exception 1 3 
occurs. If the segment is not present, exception 1 1 
is generated. 

Instructions that load selectors into SS must refer to 
data segment descriptors for writable data seg- 
ments. The descriptor privilege (DPL) and RPL must 
equal CPL. All other descriptor types or a privilege 
level violation will cause exception 1 3. A not present 
fault causes exception 1 2. 

CONTROL TRANSFER 

Four types of control transfer can occur when a se- 
lector is loaded into CS by a control transfer opera- 
tion (see Table 10). Each transfer type can only oc- 
cur if the operation which loaded the selector refer- 
ences the correct descriptor type. Any violation of 
these descriptor usage rules (e.g. JMP through a call 
gate or RET to a Task State Segment) will cause 
exception 13. 

The ability to reference a descriptor for control trans- 
fer is also subject to rules of privilege. A CALL or 
JUMP instruction may only reference a code seg- 
ment descriptor with DPL equal to the task CPL or a 
conforming segment with DPL of equal or greater 
privilege than CPL. The RPL of the selector used to 
reference the code descriptor must have as much 
privilege as CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal 
to or less privileged than the task CPL The selector 
loaded into CS is the return address from the stack. 
After the return, the selector RPL is the task's new 
CPL. If CPL changes, the old stack pointer is popped 
after the return address. 

When a JMP or CALL references a Task State Seg- 
ment descriptor, the descriptor DPL must be the 
same or less privileged than the task's CPL. Refer- 



ence to a valid Task State Segment descriptor caus- 
es a task switch (see Task Switch Operation). Refer- 
ence to a Task State Segment descriptor at a more 
privileged level than the task's CPL generates ex- 
ception 13. 

When an instruction or interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is at a more privi- 
leged level than CPL, exeception 13 occurs. If the 
destination selector contained in the gate refer- 
ences a code segment descriptor, the code seg- 
ment descriptor DPL must be the same or more priv- 
ileged than the task CPL. If not, Exception 1 3 is is- 
sued. After the control transfer, the code segment 
descriptors DPL is the task's new CPL. If the desti- 
nation selector in the gate references a task state 
segment, a task switch is automatically performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 

— JMP or CALL direct to a code segment (code 
segment descriptor) can only be to a conforming 
segment with DPL of equal or greater privilege 
than CPL or a non-conforming segment at the 
same privilege level. 

— interrupts within the task or calls that may 
change privilege levels, can only transfer control 
through a gate at the same or a less privileged 
level than CPL to a code segment at the same or 
more privileged level than CPL 

— return instructions that don't switch tasks can 
only return control to a code segment at the 
same or less privileged level. 

— task switch can be performed by a call, jump or 
interrupt which references either a task gate or 
task state segment at the same or less privileged 
level. 



Table 10. Descriptor Types Used for Control Transfer 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higher privilege level Interrupt 
within task may change CPL. 


CALL 


Call Gate 


GDT/LDT 


Interrupt Instruction, 
Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


Intersegment to a lower privilege level (changes task CPL) 


RET, IRET* 


Code Segment 


GDT/LDT 




CALL, JMP 


Task State 
Segment 


GDT 


Task Switch 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET** 

Interrupt Instruction, 
Exception, External 
Interrupt 


Task Gate 


IDT 



*NT (Nested Task bit of flag word) = 
**NT (Nested Task bit of flag word) = 1 
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PRIVILEGE LEVEL CHANGES 

Any control transfer that changes CPL within the 
task, causes a change of stacks as part of the oper- 
ation. Initial values of SS:SP for privilege levels 0, 1, 
and 2 are kept in the task state segment (refer to 
Task Switch Operation). During a JMP or CALL con- 
trol transfer, the new stack pointer is loaded into the 
SS and SP registers and the previous stack pointer 
is pushed onto the new stack. 

When returning to the original privilege level, its 
stack is restored as part of the RET or IRET instruc- 
tion operation. For subroutine calls that pass param- 
eters on the stack and cross privilege levels, a fixed 
number of words, as specified in the gate, are cop- 
ied from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust- 
ment value will correctly restore the previous stack 
pointer upon return. 

Protection 

The 80286 includes mechanisms to protect critical 
instructions that affect the CPU execution state (e.g. 
HLT) and code or data segments from improper us- 
age. These protection mechanisms are grouped into 
three forms: 

Restricted usage of segments (e.g. no write al- 
lowed to read-only data segments). The only seg- 
ments available for use are defined by descrip- 
tors in the Local Descriptor Table (LDT) and 
Global Descriptor Table (GDT). 

Restricted access to segments via the rules of 
privilege and descriptor usage. 

Privileged instructions or operations that may 
only be executed at certain privilege levels as de- 
termined by the CPL and I/O Privilege Level 
(IOPL). The IOPL is defined by bits 14 and 13 of 
the flag word. 

These checks are performed for all instructions and 
can be split into three categories: segment load 
checks (Table 11), operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex- 
ception. A not-present exception related to the stack 
segment causes exception 12. 

The IRET and POPF instructions do not perform 
some of their defined functions if CPL is not of suffi- 
cient privilege (numerically small enough). Precisely 
these are: 

• The IF bit is not changed if CPL > IOPL 

• The IOPL field of the flag word is not changed if 
CPL > 0. 

No exceptions or other indication are given when 
these conditions occur. 



Table 11 
Segment Register Load Checks 



Error Description 


Exception 
Number 


Descriptor table limit exceeded 


13 


Segment descriptor not-present 


11 or 12 


Privilege rules violated 


13 


Invalid descriptor/segment type seg- 
ment register load: 
—Read only data segment load to 

SS 
—Special Control descriptor load to 

DS, ES, SS 
— Execute only segment load to 

DS.ES.SS 
—Data segment load to CS 
—Read/Execute code segment 

load to SS 


13 



Table 12. Operand Reference Checks 



Error Description 


Exception 
Number 


Write into code segment 

Read from execute-only code 

segment 

Write to read-only data segment 

Segment limit exceeded 1 


13 

13 
13 
12or13 



NOTE: 

Carry out in offset calculations is ignored. 

Table 13. Privileged Instruction Checks 



Error Description 


Exception 
Number 


GPL *£ when executing the following 
instructions: 

LIDT, LLDT, LGDT, LTR, LMSW, 

CTS.HLT 


13 


CPL > IOPL when executing the fol- 
lowing instructions: 

INS, IN, OUTS, OUT, STI, CLI, 

LOCK 


13 



EXCEPTIONS 

The 80286 detects several types of exceptions and 
interrupts, in protected mode (see Table 14). Most 
are restartable after the exceptional condition is re- 
moved. Interrupt handlers for most exceptions can 
read an error code, pushed on the stack after the 
return address, that identifies the selector involved 
(0 if none). The return address normally points to the 
failing instruction, including all leading prefixes. For a 
processor extension segment overrun exception, 
the return address will not point at the ESC instruc- 
tion that caused the exception; however, the proces- 
sor extension registers may contain the address of 
the failing instruction. 
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Table 14. Protected Mode Exceptions 



Interrupt 
Vector 


Function 


Return 

Address 

At Falling 

Instruction? 


Always 
Restart- 
able? 


Error 

Code 

on Stack? 


8 
9 
10 
11 
12 
13 


Double exception detected 

Processor extension segment overrun 

Invalid task state segment 

Segment not present 

Stack segment overrun or stack segment not present 

General protection 


Yes 
No 
Yes 
Yes 
Yes 
Yes 


No2 
No2 
Yes 
Yes 
Yesi 
No* 


Yes 
No 
Yes 
Yes 
Yes 
Yes 



NOTE: 

1 . When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception 
will not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the 
saved SP being either 0000(H), 0001 (H), FFFE(H), or FFFF(H). 

2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted 
under those conditions. 



These exceptions indicate a violation to privilege 
rules or usage rules has occurred. Restart is gener- 
ally not attempted under those conditions. 

All these checks are performed for all instructions 
and can be split into three categories: segment load 
checks (Table 11), operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex- 
ception. A not-present exception causes exception 
11 or 1 2 and is restartable. 



Special Operations 

TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation 
which saves the entire 80286 execution state (regis- 
ters, address space, and a link to the previous task), 
loads a new execution state, and commences exe- 
cution in the new task. Like gates, the task switch 
operation is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS) or task gate descriptor in the 
GDT or LDT. An INT n instruction, exception, or ex- 
ternal interrupt may also invoke the task switch op- 
eration by selecting a task gate descriptor in the as- 
sociated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 
20) containing the entire 80286 execution state 
while a task gate descriptor contains a TSS selector. 
The limit field of the descriptor must be >002B(H). 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80286 called the Task Register (TR). This register 
contains a selector referring to the task state seg- 
ment descriptor that defines the current TSS. A hid- 
den base and limit register associated with TR are 
loaded whenever TR is loaded with a new selector. 



The IRET instruction is used to return control to the 
task that called the current task or was interrupted. 
Bit 14 in the flag register is called the Nested Task 
(NT) bit. It controls the function of the IRET instruc- 
tion. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; 
when NT = 1, IRET performs a task switch opera- 
tion back to the previous task. 

When a CALL, JMP, or INT instruction initiates a 
task switch, the old (except for case of JMP) and 
new TSS will be marked busy and the back link field 
of the new TSS set to the old TSS selector. The NT 
bit of the new task is set by CALL or INT initiated 
task switches. An interrupt that does not cause a 
task switch will clear NT. NT may also be set or 
cleared by POPF or IRET instructions. 

The task state segment is marked busy by changing 
the descriptor type field from Type 1 to Type 3: Use 
of a selector that references a busy task state seg- 
ment causes Exception 1 3. 

PROCESSOR EXTENSION CONTEXT 
SWITCHING 

The context of a processor extension (such as the 
80287 numerics processor) is not changed by the 
task switch operation. A processor extension con- 
text need only be changed when a different task at- 
tempts to use the processor extension (which still 
contains the context of a previous task). The 80286 
detects the first use of a processor extension after a 
task switch by causing the processor extension not 
present exception (7). The interrupt handler may 
then decide whether a context change is necessary. 

Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a 
processor extension context may belong to a differ- 
ent task than the current one. The processor exten- 
sion not present exception (7) will occur when at- 
tempting to execute an ESC or WAIT instruction if 
TS= 1 and a processor extension is present (MP= 1 
in MSW). 
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POINTER TESTING INSTRUCTIONS 

The 80286 provides several instructions to speed 
pointer testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 



tions use the memory management hardware to ver- 
ify that a selector value refers to an appropriate seg- 
ment without risking an exception. A condition flag 
(ZF) indicates whether use of the selector or seg- 
ment will cause an exception. 



TASK REGISTER 



™CZ} 



PROGRAM INVISIBLE 



SYSTEM 

SEGMENT 

DESCRIPTOR 



TASK 
STATE 



INTEL RESERVED 



TYPE 



BASE23-16 



BASE15-0 



LIMIT 15 -o 



TASK LOT SELECTOR 



FLAG WORD 



IP (ENTRY POINT) 



SS FOR CPL 2 



SP FOR CPL 2 



SSFORCPL0 



SPFORCPL0 



TYPE 


DESCRIPTION 


1 


AN AVAILABLE TASK STATE 
SEGMENT. MAY BE USED AS 
THE DESTINATION OF A TASK 
SWITCH OPERATION. 


3 


A BUSY TASK STATE SEGMENT. 
CANNOT BE USED AS THE 
DESTINATION OF A TASK 
SWITCH. 



BYTE 
OFFSET 

42 
40 
38 
36 



BACK LINK SELECTOR TO TSS 



p 


DESCRIPTION 


1 


BASE AND LIMIT FIELDS ARE VALID 





SEGMENT IS NOT PRESENT IN 
MEMORY, BASE AND LIMIT ARE NOT 
DEFINED 



CURRENT 
> TASK 
STATE 



INITIAL 
> STACKS 
FOR CPL 0,1,2 
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Figure 20. Task State Segment arid TSS Registers 



"3.-24 



iny 



80286 



Table 15. 80286 Pointer Test Instructions 



Instruction 


Operands 


Function 


ARPL 


Selector, 
Register 


Adjust Requested Privilege 
Level: adjusts the RPL ot 
the selector to the numeric 
maximum of current selec- 
tor RPL value and the RPL 
value in the register. Set 
zero flag if selector RPL 
was changed by ARPL. 


VERR 


Selector 


VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector 
can be read. 


VERW 


Selector 


VERify for Write: sets the 
zero flag if the segment re- 
ferred to by the selector 
can be written. 


LSL 


Register, 
Selector 


Load Segment Limit: reads 
the segment limit into the 
register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 


LAR 


Register, 
Selector 


Load Access Rights: reads 
the descriptor access 
rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 



DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions are detected during a sin- 
gle instruction execution, the 80286 performs the 
double fault exception (8). if an execution occurs 
during processing of the double fault exception, the 
80286 will enter shutdown. During shutdown no fur- 
ther instructions or exceptions are processed. Either 
NMI (CPU remains in protected mode) or RESET 
(CPU exits protected mode) can force the 80286 out 
of shutdown. Shutdown is externally signalled via a 
HALT bus operation with Ai LOW. 

PROTECTED MODE INITIALIZATION 

The 8028I6 initially executes in real address mode 
after RESET. To allow initialization code to be 
placed at the top of physical memory, A23-A20 will 
be HIGH when the 80286 performs memory refer- 
ences relative to the CS register until CS is changed. 
A23-A20 will be zero for references to the DS, ES, or 
SS segments. Changing CS in real address mode 
will force A23-A20 LOW whenever CS is used again. 
The initial CS:IP value of F000:FFF0 provides 64K 
bytes of code space for initialization code without 
changing CS. 

Protected mode operation requires several registers 
to be initialized- The GDT and IDT base registers 
must refer to a valid GDT and IDT. After executing 
the LMSW instruction to set PE, the 80286 must im- 



mediately execute an intra-segment J MP instruction 
to clear the instruction queue of instructions decod- 
ed in real address mode. 

To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with a selector referring to the ini- 
tial TSS used in the system. This will load the task 
register, local descriptor table register, segment reg- 
isters and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the current task state. 

SYSTEM INTERFACE 

The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists 
of address, data, status, and control signals at the 
pins of the CPU. A system bus is any buffered ver- 
sion of the local bus. A system bus may also differ 
from the local bus in terms of coding* of status and 
control lines and/or timing and loading of signals. 
The 80286 family includes several devices to gener- 
ate standard system buses such as the IEEE 796 
standard MULTIBUS. 

Bus Interface Signals and Timing 

The 80286 microsystem local bus interfaces the 
80286 to local memory and I/O components. The 
interface has 24 address lines, 16 data lines, and 8 
status and control signals. 

The 80286 CPU, 82C284 clock generator, 82288 
bus controller, 82289 bus arbiter, tranceivers, and 
latches provide a buffered and decoded system bus 
interface. The 82 C284 gen erates the system clock 
and synchronizes READY and RESET. The 82288 
converts bus operation status encoded by the 80286 
into command and bus control signals. The 82289 
bus arbiter generates Multibus bus arbitration sig- 
nals. These components can provide the timing and 
electrical power drive levels required for most sys- 
tem bus interfaces including the Multibus. 

Physical Memory and I/O Interface 

A maximum of 16 megabytes of physical memory 
can be addressed in protected mode. One mega- 
byte can be addressed in real address mode. Memo- 
ry is accessible as bytes or words. Words consist of 
any two consecutive bytes addressed with the least 
significant byte stored in the lowest address. 

Byte transfers occur on either half of the 1 6-bit local 
data bus. Even bytes are accessed over D/_o while 
odd bytes are transferred over Di5_s. Even-ad- 
dressed words are transferred over Di5_o in one 
bus cycle, while odd-addressed word require two 
bus operations. The first transfers data on D-j5_s, 
and the second transfers data on Dj_o- Both byte 
data transfers occur automatically, transparent to 
software. 
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Two bus signals, Aq and B HE, control transfers over 
the lower and upper halves of the data bus. Even 
addre ss byte transfers are indicated by Ao LOW and 
BHE HIGH. Odd a ddres s byte transfers ar e indi cat- 
ed by A HIGH and BHE LOW. Both A and BHE are 
LOW for even address word transfers. 

The I/O address space contains 64K addresses in 
both modes. The I/O space is accessible as either 
bytes or words, as is memory. Byte wide peripheral 
devices may be attached to either the upper or lower 
byte of the data bus. Byte-wide I/O devices attached 
to the upper data byte (Di5_s) are accessed with 
odd I/O addresses. Devices on the lower data byte 
are accessed with even I/O addresses. An interrupt 
controller such as Intel's 8259A must be connected 
to the lower data byte (D7_o) for proper return of the 
interrupt vector. 

Bus Operation 

The 80286 uses a double frequency system clock 
(CLK input) to control bus timing. All signals on the 
local bus are measured relative to the system CLK 
input. The CPU divides the system clock by 2 to pro- 
duce the internal processor clock, which determines 
bus state. Each processor clock is composed of two 
system clock cycles named phase 1 and phase 2. 
The 82C284 clock generator output (PCLK) identi- 
fies the next phase of the processor clock. (See Fig- 
ure 21.) 
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Figure 21. System and Processor 
Clock Relationships 

Six types of bus operations are supported; memory 
read, memory write, I/O read, I/O write, Interrupt ac- 
knowledge, and halt/shutdown. Data can be trans- 
ferred at a maximum rate of one word per two proc- 
essor clock cycles. 

The 80286 bus has three basic states: idle (Tj), send 
status (T s ), and perform command (T^). The 80286 
CPU also has a fourth local bus state called hold 
(Th)- Th indicates that the 80286 has surrendered 
control of the local bus to another bus master in 
response to a HOLD request. 

Each bus state is one processor clock long. Figure 
22 shows the four 80286 local bus states and al- 
lowed transitions. 
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Figure 22. 80286 Bus States 
Bus States 

The idle (T,) state indicates that no data transfers 
are in progress or requested. The fi rst active state 
Ts is signaled by status line S1 or SO going LOW 
and identifying phase 1 of the processor clock. Dur- 
ing Ts, the command encoding, the address, and 
data (for a write operation) are available on the 
80286 output pins. The 82288 bus controller de- 
codes the status signals and generates Multibus 
compatible read/write command and local trans- 
ceiver control signals. 

After Ts, the perform command (Tc) state is en- 
tered. Memory or I/O devices respond to the bus 
operation during Tq, either transferring read data to 
the GPU or accepting write data. Tc states may be 
repeated as often as necessary to assure sufficient 
time for the memory or I/O device to respond. The 
READY signal determines whether Tc is repeated. A 
repeated Tc state is called a wait state. 

During hold (Th), the 80286 will float all address, 
data, and status output pins enabling another bus 
master to use the local bus. The 80286 HOLD input 
signal is used to place the 80286 into the Th state. 
The 80286 HLDA output signal indicates that the 
CPU has entered Th- 



Pipelined Addressing 

The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while al- 
lowing each individual bus operation to last for three 
processor cycles. 

The timing of the address outputs is pipelined such 
that the address of the next bus operation becomes 
available during the current bus operation. Or in oth- 
er words, the first clock of the next bus operation is 
overlapped wjth the last clock of the current bus op- 
eration. Therefore, address decode and routing logic 
can operate in advance of the next bus operation. 
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Figure 23. Basic Bus Cycle 



External address latches may hold the address sta- 
ble for the entire bus operation, and provide addi- 
tional AC and DC buffering. 

The 80286 does not maintain the address of the cur- 
rent bus operation during ail T c states. Instead, the 
address for the next bus operation may be emitted 
during phase 2 of any T c . The address remains valid 
during phase 1 of the first T c to guarantee hold time, 
relative to ALE, for the address latch inputs. 

Bus Control Signals 

The 82288 bus controller provides control signals; 
address latch enable (ALE), Read/Write commands, 
data transmit/receive (DT/R), and data enable 
(DEN) that control the address latches, data trans- 
ceivers, write enable, and output enable for memory 
and I/O systems. 

The Address Latch Enable (ALE) output determines 
when the address may be latched. ALE provides at 
least one system CLK period of address hold time 
from the end of the previous bus operation until the 
address for the next bus operation appears at the 
latch outputs. This address hold time is required to 
support MULTIBUS and common memory systems. 

The data bus transceivers are controlled by 82288 
outputs Data Enable (DEN) and Data Transmit/ Re- 
ceive (DT/R). DEN enables the data transceivers; 
while_ DT/R controls tranceiver direction. DEN and 
DT/R are timed to prevent bus contention between 
the bus master, data bus transceivers, and system 
data bus transceivers. 



Command Timing Controls 

Two system timing customization options, command 
extension and command delay, are provided on the 
80286 local bus. 

Command extension allows additional time for exter- 
nal devices to respond to a command and is analo- 
gous to inserting wait states on the 8086. External 
logic can control the duration of any bus operation 
suc h that the operation is only as long as necessary. 
The READY input signal can extend any bus opera- 
tion for as long as necessary. 

Command delay allows an increase of address or 
write data setup time to system bus command active 
for any bus operation by delaying when the system 
bus command becomes active. Command delay is 
controlled by the 82288 CMDLY input. After T s , the 
bus controller samples CMDLY at each failing edge 
of CLK. If CMDLY is HIGH, the 82288 will not acth 
vate the command signal. When CMDLY is LOW, 
the 82288 will activate the command signal. After 
the command becomes active, the CMDLY input is 
not sampled. 

When a command is delayed, the available re- 
sponse time from command active to return read 
data or accept write data is less. To customize sys- 
tem bus timing, an address decoder cart determine 
which bus operations require delaying the com- 
mand. The CMDLY input does not affect the timing 
Of ALE, DEN, or DT/R. 



3-27 



infer 



80286 



- READ BUS CYCLE N 1 

. T C • 



-READ BUS CYCLE N~ 




Figure 24. CMDLY Controls the Leading Edge of Command Signal 



Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system 
CLKs for cycle N-1 and no delay for cycle N, and 
example 2 shows delaying the read command one 
system CLK for cycle N-1 and one system CLK de- 
lay for cycle N. 

Bus Cycle Termination 

At maximum transfer rates, the 80286 bus alternates 
between the status and command states. The bus 
status signals become inactive after T s so that they 
may correctly signal the start of the next bus opera- 
tion after the completion of the current cycle. No 
external indication of t c exists on the 80286 local 
bus. The bus master and bus controller enter T c di- 
rectly after T s and con tinue executing T c cycles until 
terminated by READY. 



of the READY signal, thereby requiring READY be 
synchronous to the system clock. 

Synchronous Ready 



READY Operation 

The current bus master and 82288 bus controller 
terminate each bus operation simultaneously to 
achieve maximum bus oper ation ba ndwidth. Both 
are informed in advance by READY active (open- 
collector output from 82C284J which identifies the 
last Tc cycle of the current bus operation. The bus 
master and bus controller must see the same sense 



The 82C284 clock generator provides READY syn- 
chronization from both synchronous and asynchro- 
nous source s (see Figure 25). The synchronous 
ready input (SRDY) of the clock generator is sam- 
pled with the falling edge of CLK at the end of phase 
1 of each T c . The state of SRDY is then broa dcast to 
the bus master and bus controller via the READY 
output line. 

Asynchronous Ready 

Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready o utputs cannot be guaranteed to meet the 
82C284 SRDY setup and hold time requ iremen ts. 
But the 82C284 asynchronous ready i nput (A RDY) is 
designed to accept such signals. The ARDY input is 
sampled at the beginning of each Tc cycle by 
82C284 synchronization logic. This provides one 
system CLK cycle time to resolve its value before 
broadcasting it to the bus master and bus controller. 
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1 . SRDYEN is active low. 

2. If SRDYEN is high, the state of SRDY will no affect READY. 

3. ARDYEN is active low, 





Figure 25. Synchronous and Asynchronous Ready 



ARDY or ARDYEN must be HIGH at the end of T s . 
ARDY cannot be used to terminate bus cycle with no 
wait states. 

Each read y in put of the 82C284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the cur- 
rent bus operation will be terminated by the synchro- 
nous or asynchronous ready. Either of the ready in- 
puts may terminate a bus operation. These enable 
inputs are active low and have the same timing as 
their respective ready inputs. Address decode logic 
usually selects whether the cu rr ent bus operation 
should be terminated by ARDY or SRDY. 



The data bus is driven with write data during the 
second phase of T s . The delay in write data timing 
allows the read data drivers, from a previous read 
cycle, sufficient time to enter 3-state OFF before the 
80286 CPU begins driving the local data bus for 
write operations. Write data will always remain valid 
for one system clock past the last T c to provide suffi- 
cient hold time for Multibus or other similar memory 
or I/O systems. During write-read or write-idle se- 
quences the data bus enters 3-state OFF during the 
second phase of the processor cycle after the last 
T c . In a write-write sequence the data bus does not 
enter 3-state OFF between T c and T s . 



Data Bus Control 

Figures 26, 27, and 28 show how the DT/R, DEN, 
data bus, and address signals operate for different 
combinations of read, write, and idle bus operations. 
DT/R goes active (LOW) for a read operation. DT/R 
remains HIGH before, during, and between write op- 
erations. 



Bus Usage 

The 80286 local bus may be used for several func- 
tions: instruction data transfers, data transfers by 
other bus masters, instruction fetching, processor 
extension data transfers, interrupt acknowledge, and 
halt/shutdown. This section describes local bus ac- 
tivities which have special signals or requirements. 
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Figure 26. Back to Back Read-Write Cycles 
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Figure 27. Back to Back Write-Read Cycles 
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Figure 28. Back to Back Write-Write Cycles 



HOLD and HLDA 

HOLD AND HLDA allow another bus master to gajn 
control of the local bus by placing the 80286 bus into 
the Th state. The sequence of events required to 
pass control between the 80286 and another local 
bus master are shown in Figure 29. 

In this example, the 80286 is initially in the Th state 
as signaled by HLDA being active. Upon leaving Th, 
as signaled by HLDA going inactive, a write opera- 
tion is started. During the write operation another 
local bus master requests the local bus from the 
80286 as shown by the HOLD signal. After complet- 
ing the write operation, the 80286 performs one Tj 
bus cycle, to guarantee write data hold time, then 
enters Th as signaled by HLDA going active. 



The CMDLY signal and ARDY ready are used to 
start and s top the write bus command, respectively. 
Note that SRDY must be ina ctive or disabled by 
SRDYEN to guarantee ARDY will terminate the cy- 
cle. 

HOLD must not be active during the time from the 
leading edge of RESET until 34 CLKs following the 
trailing edge of RESET. 

Lock 

The CPU asserts an active lock signal during Inter- 
rupt-Acknowledge cycles, the XCHG instruction, and 
during some descriptor accesses. Lock is also as- 
serted when the LOCK prefix is used. The LOCK 
prefix may be used with the following ASM-286 as- 
sembly instructions; MOVS, INS, and OUTS. For bus 



cycles other than Interrupt-Acknowledge cycles, 
Lock will be active for the first and subsequent cy- 
cles of a series of cycles to be locked. Lock will not 
be shown active during the last cycle to be locked. 
For the next-to-last cycle, Lock will become inactive 
at the end of the first T c regardless of the number of 
wait-states inserted. For Interrupt-Acknowledge cy- 
cles, Lock will be active for each cycle, and will be- 
come inactive at the end of the first T c for each cy- 
cle regardless of the number of wait-states inserted. 

Instruction Fetching 

The 80286 Bus Unit (BU) will fetch instructions 
ahead of the current instruction being executed. This 
activity is called prefetching. It occurs when the local 
bus would otherwise be idle and obeys the following 
rules: 

A prefetch bus operation starts when at least two 
bytes of the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches 
independent of the byte alignment of the code seg- 
ment base in physical memory. 

The prefetcher will perform only a byte code fetch 
operation for control transfers to an instruction be- 
ginning on a numerically odd physical address. 

Prefetching stops whenever a control transfer or 
HLT instruction is decoded by the IU and placed into 
the instruction queue. 

In real address mode, the prefetcher may fetch up to 
6 bytes beyond the last control transfer or HLT in- 
struction in a code segment. 
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In protected mode, the prefetcher wilt never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to 
execute beyond the last full instruction in the code 
segment. 



If the last byte of a code segment appears on an 
even physical memory address, the prefetcher will 
read the next physical byte of memory (perform a 
word code fetch). The value of this byte is ignored 
and any attempt to execute it causes exception 13. 
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NOTES: 

1. Status lines ate not driven by 80 286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state. 

2. Address, M/IO and COD/INTA may start floating during any Tc depending on when internal 80286 bus arbiter de- 
cides^ releasebus to external HOLD. The float starts in <J>2 of T<> 

3. BHE and LOCK may start floating after the end of any Tc depending on when internal 80286 bus arbiter decides to 
release bus to external HOLD. The flpat starts in <f>1 of Tc- 

4. The minimum i BOLD to HLDA time is shown. Maximum is one Th longer. 

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other 
machine state (i.e., Interrupts, Waits, Lock, etc.). 

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn- 
chronous ready state is ignored after ready is signaled via the asynchronous input. 



Figure 29. MULTIBUS® Write Terminated by Asynchronous Ready with Bus Hold 
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Processor Extension Transfers 

The processor extension interface uses i/O port ad- 
dresses 00F8(H), 00FA(H), and OOFC(H) which are 
part of the I/O port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = and TS = will perform I/O bus operations 
to one or more of these I/O port addresses indepen- 
dent of the value of IOPL and CPL. 

ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor exten- 
sion operand transfers. The CPU will determine the 
operand starting address and read/write status of 
the instruction. For each operand transfer, two or 
three bus operations are performed, one word trans- 
fer with I/O port address 00FA(H) and one or two 
bus operations with memory. Three bus operations 
are required for each word operand aligned on an 
odd byte address. 

NOTE: 

Odd-aligned numerics operands should be avoided 
when using an 80286 system running six or more 
memory-write wait states. The 80286 can generate 
an incorrect numerics address if all the following 
conditions are met: 

— Two floating point (FP) instructions are fetched 
and in the 80286 queue. 

— The first FP instruction is any floating point store 
except FSTSW AX. 

— The second FP instruction accesses memory. 

— The operand of the first instruction is aligned on 
an odd memory address. 

— Six or more wait states are inserted during either 
of the last two memory write (odd aligned oper- 
ands are transferred as two bytes) transfers of 
the first instruction. 

The second FP operand's address will be incre- 
mented by one if these conditions are met. These 
conditions are most likely to occur in a multi-master 
system. For a hardware solution, contact your local 
Intel representative. 

Commands to the numerics coprocessor should not 
be delayed by nine or more T-states. Excessive 
(nine or more) command-delays can cause the 
80286 and 80287 to lose synchronization. 



Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge se- 
quence performed by the 80286 in response to an 



INTR input. An interrupt acknowledge sequence 
consists of two INTA bus operations. The first allows 
a master 8259A Programmable Interrupt Controller 
(PIC) to determine which if any of its slaves should 
return the interrupt vector. An eight bit vector is read 
on D0-D7 of the 80286 during the second INTA bus 
operation to select an interrupt handler routine from 
the interrupt table. 

The Master Cascade Enable (MCE) signal of the 
82288 is used to enable the cascade address driv- 
ers, during INTA bus operations (See Figure 30), 
onto the local address bus for distribution to slave 
interrupt controll ers via the system address bus. The 
80286 emits the LOCK signal (active LOW) during T s 
of the first INTA bus operation. A local bus "hold" 
request will not be honored until the end of the sec- 
ond INTA bus operation. 

Three idle processor clocks are provided by the 
80286 between INTA bus operations to allow for the 
minimum INTA to INTA time and CAS (cascade ad- 
dress) out delay of the 8259A. The second INTA bus 
operation must always have at le ast one extra T c 
state added via logic controlling READY. This is 
needed to meet the 8259A minimum INTA pulse 
width. 



Local Bus Usage Priorities 

The 80286 local bus is shared among several inter- 
nal units and external HOLD requests. In case of 
simultaneous requests, their relative priorities are: 

(Highest) Any transfers which assert LOCK either 
explicitly (via the LOCK instruction prefix) 
or implicitly (i.e. some segment descriptor 
accesses, interrupt acknowledge se- 
quence, or an XCHG with memory). 

The second of the two byte bus opera- 
tions required for an odd aligned word op- 
erand. 

The second or third cycle of a processor 
extension data transfer. 

Local bus request via HOLD input. 

Processor extension data operand trans- 
fer via PEREQ input. 

Data transfer performed by EU as part of 
an instruction. 

(Lowest) An instruction prefetch request from BU. 
The EU will inhibit prefetching two proc- 
essor clocks in advance of any data 
transfers to minimize waiting by EU for a 
prefetch to finish. 
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NOTES: 

1. Data is ignored, upper data bus, D^-D-j 5, should not change state during this time. 

2. First I NTA cyefe should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 

3. Secon d INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 

4. LOCK is acti ve for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi- 
masfer system. LOCK is also active for the second INTA cycle. 

5. A23-A0 exits 3-state OFF during <f>2 of the second Tc in the INTA cycle. 

6. Upper data bus should not change state during this time. 



Figure 30. interrupt Acknowledge Sequence 



Halt or Shutdown Cycles 

The 80286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions oc- 
cur due to a HLT instruction or multiple protection 
exceptions while attempting to execute one instruc- 
tion. A_halt_or shutdow n bus operatioh is signalled 
when 51, SO and Cdb/IRtX are LOW and M/IO is 
HIGH. Ai HIGH indicates halt, and A^ LOW indi- 
cates shutdown. The 82288 bus controller does not 



issue ALE, nor is READY required to terminate a halt 
or shutdown bus operation. 

During halt or shutdown, the 80286 may service 
PEREQ or HOLD requests. A processor extension 
segment overrun exception during shutdown will in- 
hibit further service of PEREQ. Either NMI or RESET 
will fdrce the 80286 put of either halt or shutdown. 
An INTR, if interrupts are enabled, or a processor 
extension segment overrun exception will also force 
the 80286 out of halt. 
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Figure 31. Basic 80286 System Configuration 



SYSTEM CONFIGURATIONS 

The versatile bus structure of the 80286 microsys- 
tem, with a full complement of support chips, allows 
flexible configuration of a wide range of systems. 
The basic configuration, shown in Figure 31, is simi- 
lar to an 8086 maximum mode system. It includes 
the CPU plus an 8259A interrupt controller, 82C284 
clock generator, and the 82288 Bus Controller. 

As indicated by the dashed lines in Figure 31, the 
ability to add processor extensions is an integral fea- 
ture of 80286 microsystems. The processor exten- 
sion interface allows external hardware to perform 
special functions and transfer data concurrent with 
CPU execution of other instructions. Full system in- 
tegrity is maintained because the 80286 supervises 
all data transfers and instruction execution for the 
processor extension. 



The 80287 has all the instructions and data types of 
an 8087. The 80287 NPX can perform numeric cal- 
culations and data transfers concurrently with CPU 
program execution. Numerics code and data have 
the same integrity as all other information protected 
by the 80286 protection mechanism. 

The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the 
previous bus operation. This information is latched 
by ALE during the middle of a T s cycle. The latched 
chip select and address information remains stable 
during the bus operation while the next cycle's ad- 
dress is being decoded and propagated into the sys* 
tern. Decode logic can be implemented with a high 
speed bipolar PROM. 

The optional decode logic shown in Figure 31 takes 
advantage of the overlap between address and data 
of the 80286 bus cycle to generate advanced mem- 
ory and lO-select signals. This minimizes system 
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Figure 32. MULTIBUS® System Bus Interface 



perfprmance degradation caused by address propa- 
gation and decode delays. In addition to selecting 
memory and I/O, the advanced selects may be used 
with configurations supporting tocal and system bus- 
es to enable the ap propria te bus interface for each 
bus cycle. The COD/INTA and M/IO signals are ap- 
plied to the decode logic to distinguish between in- 
terrupt, I/O, code and data bus cycles. 

By adding the 82289 bus arbiter chip, the 80286 pro* 
yides a MULTIBUS system bus interface as shown 
in Figure 32. The ALE output of the 82288 for the 



MULTIBUS bus is connected to its CMDLY input to 
delay the start of commands one system CLK as 
required to meet MULTIBUS address and write data 
setup times. This arrangement will add at least one 
extra T c state to each bus operation which uses the 
MULTIBUS. 

A second 82288 bus controller and additional latch* 
es and transceivers could be added to the local bus 
of Figure 32. This configuration allows the 80286 to 
support an on-board bus for local memory and pe- 
ripherals, and the MULTIBUS for system bus inter- 
facing. 
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Figure 33. 80286 System Configuration with Dual-Ported Memory 



Figure 33 shows the addition of dual ported dynamic 
memory between the MULTIBUS system bus and 
the 80286 local bus. The dual port interface is pro- 
vided by the 8207 Dual Port DRAM Controller. The 
8207 runs synchronously with the CPU to maximize 
throughput for local memory references. It also arbi- 
trates between requests from the local and system 
buses and performs functions such as refresh, 



initialization of RAM, and read/ modify/ write cycles. 
The 8207 combined with the 8206 Error Checking 
and Correction memory controller provide for single 
bit error correction. The dual-ported memory can be 
combined with a standard MULTIBUS system bus 
interface to maximize performance and protection in 
multiprocessor system configurations. 



Table 16. 80286 Systems Recommended Pull Up Resistor Values 



80286 Pin and Name 


Pullup Value 


Purpose 


4— ST 


20 Ka ±10% 




5— SO 


Pull SO, S1, and PEACK inactive during 80286 hold periods^) 


6— PEACK 




910ft ±5% 


Pull READY inactive within required minimum time (C|_ = 1 50 pF, 
l R <. 7 mA) 


63— READY 



NOTE: _ _ __ __ 

1. Pull-up resistors are not required on SO and S1 when the corresponding pins of the 82C284 are connected to SO and S1. 



|2|cetm-286 System Design 
Considerations 

One of the advantages of using the 80286 is that full 
in-circuit emulation debugging support is provided 
through the |2|CE system 80286 probe. To utilize 
this powerful tool it is necessary that the system de- 
signer be aware of a few minor parametric and 



functional differences between the 80286 and l 2 ICE 
system 80286 probe. The |2|CE data sheet (|2|CE 
Integrated Instrumentation and Sn-Circuit Emulation 
System, order #210469) contains a detailed de- 
scription of these design considerations. It is recom- 
mended that this document be reviewed by the 
80286 system designer to determine whether or not 
these differences affect his design. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . * .0°Cto +70°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3.3W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS (V C c = 5V ±5%,t C ase = o°cto +85°C)* 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


'cc 


Supply Current (0°C Turn On) 




600 


mA 


(Notel) 


CCLK 


CLK Input Capacitance 




20 


PF 


(Note 2) 


C|N 


Other Input Capacitance 




10 


pF 


(Note 2) 


Co 


Input/Output Capacitance 




20 


PF 


(Note 2) 



NOTES: 

1 . Tested at worst case load and maximum frequency. 

2. These are not tested. They are guaranteed by design characterization. 



D.C. CHARACTERISTICS 

(Vcc - 5V ±5%, Tcase == 0°C to + 85°C)* Tested at the minimum operating frequency of the part. 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|L 


Input LOW Voltage 


-0.5 


0.8 


V 




V| H 


Input HIGH Voltage 


2.0 


V CC +0.5 


V 




V, LC 


CLK Input LOW Voltage 


-0.5 


0.6 


v 




VlHC 


CLK Input HIGH Voltage 


3.8 


V CC +0.5 


V 




Vol 


Output LOW Voltge 




0.45 


V 


Iql = 2.0 mA 


Yoh- 


Output HIGH Voltage 


2.4 




V 


Iqh = -400.0 julA 


Ili 


Input Leakage Current 




±10 


/aA 


ov<;v, N <;Vcc 


'lcr 


Input CLK, RESET Leakage Current 




±10 


jut A 


0.45 <; V !N £ V C C 


Ilcr 


Input CLK, RESET Leakage Current 




±1 


mA 


0^V| N <0.45 


IlL 


input Sustaining Current on 


30 


500 


julA 


V,n = OV .:-, 


BUSY and ERROR Pins 


iLO 


Output Leakage Current 




±10 


ju,A 


0.45 ^ V UT ^ Vcc 


"LO 


Output Leakage Current 




±1 


mA 


P^VoUT..<0.45 



*T/\ is guaranteed from 0°C to + 55°C as long as Tcase is not exceeded. 
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A.C. CHARACTERISTICS (V C c = 5V ±5%, t C ase = o°cto +85°C)* 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless 

otherwise noted. 



Symbol 


Parameter 


8 MHz 


10 MHz 


12.5 MHz 
(Preliminary) 


Unit 


Test Condition 


-8 
Min 


-8 

Max 


-10 
Min 


-10 
Max 


-12 
Min 


-12 
Max 


1 


System Clock (CLK) Period 


62 


250 


50 


250 


40 


250 


ns 




2 


System Clock (CLK) LOW Time 


15 


225 


12 


232 


11 


237. 


ns 


at 1.0V 


3 


System Clock (CLK) HIGH Time 


25 


235 


16 


239 


13 


239 


ns 


at 3.6V 


17 


System Clock (CLK) Rise Time 




10 




8 


— 


8 


ns 


1.0V to 3.6V, 
(Note 7) 


18 


System Clock (CLK) Fall Time 




10 




8 


— 


8 


ns 


3.6V to 1.0V, 
(Note 7) 


4 


Asynch. Inputs Setup Time 


20 




20 




15 




ns 


(Notel) 


5 


Asynch. Inputs Hold Time 


20 




20 




15 




ns 


(Notel) 


6 


RESET Setup Time 


28 




23 




18 




ns 




7 


RESET Hold Time 


5 




5 




5 




ns 




8 


Read Data Setup Time 


10 




8 




5 




ns 




9 


Read Data Hold Time 


8 




8 




6 




ns 




10 


READY Setup Time 


38 




26 




22 




ns 




11 


READY Hold Time 


25 




25 




20 




ns 




12 


Status/PEACK Valid Delay 


1 


40 


— 


— 


— 


— 


ns 


(Notes 2, 3) 


12a1 


Status Active Delay 


— 


— 


1 


22 


3 


18 


ns 


(Notes 2, 3) 


12a2 


PEACK Active Delay 


— 


— 


1 


22 


3 


20 


ns 


(Notes 2, 3) 


12b 


Status/PEACK Inactive Delay 


— 


— 


1 


30 


3 


22 


ns 


(Notes 2, 3) 


13 


Address Valid Delay 


1 


60 


1 


35 


1 


32 


ns 


(Notes 2, 3) 


14 


Write Data Valid Delay 





50 





30 





30 


ns 


(Notes 2, 3) 


15 


Address/Status/Data Float Delay 





50 





47 





32 


ns 


(Notes 2, 4, 7) 


16 


HLDA Valid Delay 





50 





47 





27 


ns 


(Notes 2, 3) 


19 


Address Valid To Status 
Valid Setup Time 


38 




27 




22 




ns 


(Notes 3, 5, 6) 



*Ta is guaranteed from 0°C to + 55°C as long as Tqase ' s n °t exceeded. 
NOTES: 



1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing 
purposes, to assure recognition at a specific CLK edge. 

2. Delay from 1.0V on the CLK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition. 

3. Output load: Cl = 100 pF. 

4. Float condition occurs when output current is less than Ilo in magnitude. 

5. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 2.0V or status going 
inactive reaching 0.8V. 

6. For load capacitance of 10 pF or more on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz, 10 MHz and 12.5 MHz 
spec. 

7. These are not tested. They are guaranteed by design characterization. 
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A.C. CHARACTERISTICS (Continued) 



NOTE 8: 

AC Test Loading on Outputs 


DEVICE 






C L 


210253-37 


OUTPUT 












_ 



CLK INPUT 



0.45V 

NOTE 9: 

AC Drive and Measurement Points — CLK Input 




3.6V 



1.0V 1.0V 




210253-38 



4.0V 
CLK INPUT 



/ 



0.45V 



OTHER 
DEVICE 
INPUT 



DEVICE 
OUTPUT 




"•-tSETUP- 




2.0V 



- tHOLD - 



0.8V 



(delay 



NOTE 10: 

AC Setup, Hold and Delay Time Measurement— General 






0.8V 
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A.C. CHARACTERISTICS (Continued) 



82C284 Timing Requirements 



Symbol 


Parameter 


82C284-8 


82C284-10 


82C284-12 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


11 




17 




15 




15 




ns 




SRDY/SRDYEN Setup Time 


12 


SRDY/SRDYEN Hold Time 







2 




2 




ns 




13 


ARDY/ARDYEN Setup Time 

















ns 


(Notel) 


14 


ARDY/ARDYEN Hold Time 


30 




30 




25 




ns 


(Notel) 


19 


PCLK Delay 





45 





35 





23 


ns 


C L = 75 pF 
Iol = 5 mA 
Iqh = ~1 niA 



NOTE 1: 

These times are given for testing purposes to assure a predetermined action. 

82288 Timing , Requirements 



Symbol 


Parameter 


82288-8 


82288-10 


82288-12 


Units 


Test 
Conditions 




Min 


Max 


Min 


Max 


Min 


Max 


12 


CMDLY Setup Time 


20 




15 




15 




ns 




13 


CMDLY Hold Time 


1 




1 




1 




ns 




30 
29 


Command Delay 
fromCLK 


Command 
Inactive 


5 


20 


5 


20 


5 


20 


ns 


Cl = 300 pF max 
Iol = 32 mA max 
Ioh = -5 mA max 


Command 
Active 


3 


25 


3 


21 


3 


21 


16 


ALE Active Delay 


3 


20 


3 


16 


3 


16 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


C L = 150 pF 
Iol = 16 mA max 
•oh = ~ 1 m A max 


17 


ALE Inactive Delay 




25 




19 




19 


19 


DT/R Read Active Delay 




25 




23 




23 


22 


DT/R Read Inactive Delay 


5 


35 


5 


20 


5 


18 


20 


DEN Read Active Delay 


5 


35 


5 


21 


5 


21 


21 


DEN Read 1 nactive Delay 


3 


35 


3 


21 


3 


19 


23 


DEN Write Active Delay 




30 




23 




23 


24 


DEN Write Inactive Delay 


3 


30 


3 


19 


3 


19 
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WAVEFORMS 



MAJOR CYCLE TIMING 



BUS CYCLE TYPE '• 



READ CYCLE WRITE CYCLE 

ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE 

WAIT STATES WAIT STATE 



M/IO.COD/INTA 

ana WMMMfflk 



SRDY+SRDYEN 



ARDY+ARDYEN 




210253-40 



NOTE: 

1 . The modified timing is due to the CMDLY signal being active. 
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WAVEFORMS (Continued) 



80286 ASYNCHRONOUS 
INPUT SIGNAL TIMING 



BUS CYCLE TYPE 



ERROR.BUSY 
(SEE NOTE 2.) i 




NOTES: 

1 . PCLK indicates which processor cycle phase will occur 
on the next CLK. PCLK may not indicate the correct phase 
until the first bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold 
times shown assure recognition for testing purposes. 



80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 




210253-42 



NOTE: 

When RESET meets the setup time shown, the next CLK 
will start or repeat <f>2 of a processor cycle. 



EXITING AND ENTERING HOLD 



BUS CYCLE TYPE 
VCH 



T s OR T, 



HLDA 



S1»S0 



BHE.LOCK 



M/IO, 
COD/INTA 



Dis-Dn 




(SEE NOTE 5.) - 



VALID 



@ L— (SEE NOTE 1.) 

2E2S2)-- - 

—(SEE NOTE 2.) 



(SEE NOTE 6.) — - <Q) L— — *| @ L— (SEE NOTE 2.) 

- ------ mk^p=m?> - 



i — V—/ — v^j — \ i — \ r 



NOTES: 

1 . These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is 
shown. 

2. The data bus will be driven as shown if the last cycle before T| in the diagram was a write Tq. 

3. The 80286 floats its status pins during Th- External 20 Kft resistors keep these signals high (see Table 16). 

4. For H OL D reque st set up to HLDA, refer to Figure 29. 

5. BHE and LOCK are driven at this time but will not become valid until Ts- 

6. The data bus will remain in 3-state OFF if a read cycle is performed. 
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WAVEFORMS (Continued) 



80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 

:ycie type 

T, T s T C. T S T C T, 

V CH | 42 *t i ,2 k-QH * I ♦' I * I * I * .1 ♦« I. 



BUS CYCLE TYPE 



Aw "m' 

COD INTA ' 



2PCX 



V 



r 



T 



MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 

I/O PORT ADDRESS O0FA(H) IF MEMORY TO PROC. EXT. TRANSFER —7 

' — eoT Zjz. 




mmmmmmsmF/////////^^^^ 
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N OTES: 

1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The 
first bus operation will be either a memory read at operand address or I/O read at port address OOFA(H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3 x 
©-12a2max.-®min.- The actual, configuration dependent/maximum time is: 3x ® ^12e2max.-®min. + AX2X,(D. 

A is the number of extra Tq states added to either the first or second bus operation of the processor extension data operand 
transfer sequence. 



INITIAL 80286 PIN STATE DURING RESET 



BUS CYCLE TYPE 



*<U>» 




*<J3>* 



% 



M® 



■»»I1M1MI1>1» ^ 



■*-**-- : -. 



*<K>» 



NOTES: 

1 . Setup time for RESET f may be violated with the consideration that <J>1 of the processor clock may begin one system 
CLK period later. 

2. Setup and hold times for RESET i must be met for proper operation, but RESET J, may occur during <f>1 or <j>2. 

3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 
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7 • 5 


BYTE1 

4 3 2 1 


7 6 


BYTE J 
5 4 3 


2 1 


inn: 


II 


II 


II 


OPCODE d 


w mod 


'•9 


r/m 


■ 


i i i 


'■' [__L 















LOW DISPDATA J HIGH tWSPDATA 



REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 

REGISTER OPERAND/EXTENSION OF OPCODE 

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 

WORD/BYTE OPERATION 

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 

OPERATION (INSTRUCTION) CODE 



A. SHORT OPCODE FORMAT EXAMPLE 



BYTE 1 BYTE 2 BYTE 3 

768432107 6S4321076S4321 



I Ml I Mill M IT 



LONG OPCODE 



n 



B. LONG OPCODE FORMAT EXAMPLE 
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Figure 35. 80286 Instruction Format Examples 



80286 INSTRUCTION SET SUMMARY 
Instruction Timing Notes 

The instruction clock counts listed below establish 
the maximum execution rate of the 80286. With no 
delays in bus cycles, the actual clock count of an 
80286 program will average 5% more than the cal- 
culated clock count, due to instruction sequences 
which execute faster than they can be fetched from 
memory. 

To calculate elapsed times for instruction se- 
quences, multiply the sum of all instruction clock 
counts, as listed in the table below, by the processor 
clock period. An 8 MHz processor clock has a clock 
period of 125 nanoseconds and requires an 80286 
system clock (CLK input) of 16 MHz. 

Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, 
and is ready for execution. Control transfer in- 
struction clock counts include all time required to 
fetch, decode, and prepare the next instruction for 
execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 



Instruction Set Summary Notes 

Addressing displacements selected by the MOD 
field are not shown. If necessary they appear after 
the instruction fields shown. 

Above/below refers to unsigned value 

Greater refers to positive signed value 

Less refers to less positive (more negative) signed 

values 

if d = 1 then to register; if d = then from register 

if w =1 then word instruction; if w = then byte 
instruction 

if s = then 1 6-bit immediate data form the oper- 
and 

if s = 1 then an immediate data byte is sign-ex- 
tended to form the 1 6-bit operand 

x don't care 

z used for string primitives for comparison with 
ZFFLAG 

If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 

* = add one clock if offset calculation requires 
summing 3 elements 

n = number of times repeated 

m = number of bytes of code in next instruction 

Level (L)— Lexical nesting level of the procedure 
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The following comments describe possible excep- 
tions, side effects, and allowed usage for instruc- 
tions in both operating modes of the 80286. 

REAL ADDRESS MODE ONLY 

1 . This is a protected mode instruction. Attempted 
execution in real address mode will result in an 
undefined opcode exception (6). 

2. A segment overrun exception (13) will occur if a 
word operand reference at offset FFFF(H) is at- 
tempted. 

3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt 
(9) will occur if the operand exceeds the seg- 
ment limit. 



EITHER MODE 

6. An exception may occur, depending on the value 
of the operand. 

7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction 
prefix. 

8. LOCK does not remain active between all oper- 
and transfers. 



PROTECTED VIRTUAL ADDRESS MODE ONLY 

9. A general protection exception (1 3) will occur if 
the memory operand cannot be used due to ei- 
ther a segment limit or access rights violation. If 
a stack segment limit is violated, a stack seg- 
ment overrun exception (12) occurs. 

10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an 
exception. The segment must be present to 
avoid a not-present exception (1 1). If the SS reg- 
ister is the destination, and a segment not-pres- 
ent violation occurs, a stack exception (12) oc- 
curs. 



1 1 . All segment descriptor accesses in the GDT or 
LDT m ade by this instruction will automatically 
assert LOCK to maintain descriptor integrity in 
multiprocessor systems. 

12. JMP, CALL, INT, RET, IRET instructions refer- 
ring to another code segment will cause a gener- 
al protection exception (1 3) if any privilege rule is 
violated. 

13. A general protection exception (13) occurs if 
GPL^O. 

14. A general protection exception (13) occurs if 
CPL > IOPL 

1 5. The IF field of the flag word is not updated if CPL 
> IOPL. The IOPL field is updated only if 
CPL = 0. 

16. Any violation of privilege rules as applied to the 
selector operand do not cause a protection ex- 
ception; rather, the instruction does not return a 
result and the zero flag is cleared. 

17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) 
will occur before the ESC instruction is execut- 
ed. A stack segment overrun exception (12) will 
occur if the stack limit is violated by the oper- 
and's starting address. If a segment limit is vio- 
lated during an attempted data transfer then a 
processor extension segment overrun exception 
(9) occurs. 

18. The destination of an INT, JMP, GALL, RET or 
IRET instruction must be in the defined limit of a 
code segment or a general protection exception 
(13) will occur. 
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80286 INSTRUCTION SET SUMMARY 



FUNCTION 


FORMAT 




CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


DATA TRANSFER 
MOV = Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register/memory to segment register 

Segment register to register/ memory 

PUSH = Push: 

Memory 

Register 

Segment register 

*nme$at» : : " } 

PUSHA** Push All 

POP = Pop: 

Memory 

Register 

Segment register 

IWAr^#t ; /-'>^ 

XCHG = Exhcange: 

Register/ memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT= Translate byte to AL 

LEA = Load EA to register 

LDS = Load pointer to DS 

LES = Load pointer to ES 






2,3* 
2,5* 
2,3* 

2 

5 

3 
2,5* 
2,3* 

5* 
3 
3 


2,3* 
2.5* 
2,3* 

2 

5 

3 
17,19* 
2,3* 

5* 
3 
3 

: ' 3; ■:■: 

5* 
5 

20 
19 

3,5* 
3 

5 
5 

3 

3 

5 
3* 
21* 
21* 


2 
2 
2 

2 
2 
2 
2 

2 
2 
2 

f-L- .& ;:>:/■ 
■■::>'.'/ 

2 
2 
2 

2,7 

2 
2 


9 
9 
9 

9 

9 

9,10,11 

9 

9 
9 
9 

■ : -'- 9 ■:.'■'■:■■■ 
■&■*■■■'.' 

9 

9 

9,10,11 

7,9 

14 
14 

14 
14 
9 

9,10,11 
9,10,11 


1 1 w I mod reg r/m | 




1 1 1 w I mod reg r/m | 




1 1 1 1 w I mod r/m | 


data I data if w = 1 | 




1 1 1 w reg I data | 


dataifw=1 | 




1 1 w I addr-low | 


addr-high | 




1 1 1 w I addr-low | 


addr-high | 






10 01110 I mod reg r/m J 




10 00110 | mod reg r/m | 




11111111 I mod 1 1 r/m I 




01 01 reg I 




00 0reg1 1 | 




■*fctitfi0*irio ;*«**" I; 


(MM***? \- / ,, * • 


0f 1#&$0# J 




1? v 

5* 
5 
5 


10 001 1 1 1 |mod0 00 r/m| 




01011 reg I 




000reg1 1 1 | (reg#01) 




$1 1$S$01 |^ , 


(moduli) 
(mod#1) 


1S 

3,5* 
3 

5 
5 

3 

3 

5 
3* 
7* 
7* 


10 0001 1 w I mod reg r/m| 




10 010 reg I 




1 1 1 1 w | port | 




111011 Ow | 




1 1 1 1 1 w | port | 




1 1 101 1 1w I 




1 101011 1 J 




10001101 |modreg r/m| 




11000101 I mod reg r/m| 




1 1 0001 I mod reg r/m| 





Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 












FUNCTION 


FORMAT 




CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


DATA TRANSFER (Continued) 

LAHF Load AH with flags 

SAHF = Store AH into flags 

PUSHF= Push flags 

POPF= Pop flags 
ARITHMETIC 
ADD - Add: 

Reg/memory with register to either 
mmediate to register/memory 
immediate to accumulator 
ADC = Add with carry: 
Reg/memory with register to either 
[mmediate to register/memory 
immediate to accumulator 
INC = Increment: 
Register/memory 
Register 

SUB = Subtract: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 
5BB= Subtract with borrow: 
Reg/memory and register to either 
Immediate from register/memory 

Immediate from accumulator 

DEC = Decrement 

Register/memory 

Register 

CMP = Compare 

Register/memory with register 

Register with register/memory 

Immediate with register/memory 

Immediate with accumulator 

MEG = Change sign 

AAA = ASCII adjust for add 

0AA= Decimal adjust for add 






2 
2 
3 
5 

2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,6* 
2,7* 
3,6* 

3 

2 

3 

3 


2 
2 
3 
5 

2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,6* 
2,7* 
3,6* 

3 

7* 

3 

3 


2 
2,4 

2 
2 

2 
2 

2 

2 
2 

2 

• 2 • . .. 

2 

2 
2 
2 

2 


9 
9,15 

9 
9 

9 
9 

9 

9 
9 

9 
9 

9 

9 
9 
9 

9 


1001 1 1 1 1 I 




10 011110 I 




1001 1 100 | 




1001 1 101 ] 




OOOOOOdw I mod reg r/m | 




1 s w I mod r/m | 


data I data if s w = 01 1 




00000 10w | data | 


dataifw=1 | 






1 d w I mod reg r/m | 




1 s w I mod 010 r/m 


data I data if s w = 01 1 




0001 01 Ow [ data 


dataifw=l | 






1 1 1 1 1 1 1w | modOOO r/m | 




1 reg | 




1 1 d w I mod reg r/m | 




1 s w I mod 1 1 r/m | 


data I data if s w = 01 1 




00101 10w | data | 


dataifw=i | 






1 1 d w I mod reg r/m J 




1 s w , | mod 1 1 r/m J 


data | data if sw= 01 | 




1 1 1 w | data | 


dataifw=1 | 






1 1 1 1 1 1 1w |mod001 r/m| 




010 01 reg I 




1 1 1 1 w I mod reg r/m| 




001 1 1 00 w |modreg r/m| 




1 OOOOOsw Jmodl 1 1 r/m| 


data | dataifsw=01 | 




001 1 1 10w | data | 


dataifw=1 | 






1 1 1 101 1 w |mod01 1 ,r/m| 




00110111 | 




001001 1 1 | 
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80286 INSTRUCTION SET SUMMARY (Continued) 










FUNCTION 


FORMAT 


CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 
AAS= ASCII adjust for subtract 
DAS = Decimal adjust for subtract 
MUL- Multiply (unsigned): 




3 
3 


3 
3 






| 001 1 1 1 11 | 


| 00101 1 1 1 | 


| 1 1 1 101 1w |mod100 r/m| 


Register-Byte 




13 


13 






Register-Word 




21 


21 






Memory-Byte 




16* 


16* 


2 


9 


Memory-Word 

IMUL= Integer multiply (signed): 




24* 


24* 


2 


9 


| 1 1 1 101 1w |mod101 r/m| 


Register-Byte 




13 


13 






Register-Word 




21 


21 






Memory-Byte 


I 


16* 


16* 


2 


9 


Memory-Word 




24* 


24* 


2 

a 


9 

W0B 


| 011010*1 Imodreg r/m| data |datatfs«o| 


[signed) * * 

DIV= Divide (unsigned) 




| 1 1 1 101 1 w |mod 1 10 r/m| 


Register-Byte 




14 


14 


6 


6 


Register-Word 




22 


22 


6 


6 


Memory-Byte 




17* 


17* 


2,6 


6,9 


Memory-Word 

IDIV= Integer divide (signed) 




25* 


25* 


2.6 


6,9 


| 1 11 101 1 w |mod1 1 1 r/m| 


Register-Byte 




17 


17 


6 


6 


Register-Word 




25 


25 


6 


6 


Memory-Byte 




20* 


20* 


2,6 


6,9 


Memory-Word 

AAM = ASCII adjust for multiply 
AAD - ASCII adjust for divide 
CBW = Convert byte to word 
CWD= Convert word to double word 




28* 
16 
14 

2 

2 


28* 
16 
14 

2 

2 


2,6 


6,9 


|'11010100 | 00001010 | 


| 11010101 | 00001010 | 


| 1001 1000 | 


I 1001 1001 I 


LOGIC 












Shift/Rotate Instructions: 

Register/Memory by 1 
Register/Memory by CL 
Re^ster/MamoB/ by Count 




2,7* 
5 + n,8 + n* 


2,7* 
5 + n,8+n* 


2 
2 


9 
9 


I 1 1 0100 0w ImodTTT r/m| 


| 1 101 001 w |modTTT r/m| 


| MOOOO&w frnoriTfT r/ifc| ^mik" '{' 




TTT Instruction 












00 ROL , 












001 ROR 












1 RCL 












011 RCR 












100 SHL/SAL 












101 SHR 












111 SAR 











Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 










FUNCTION 


FORMAT 


CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 
AND = And: 

Reg/memory and register to either 

mmediate to register/memory 

mmediate to accumulator 

TEST = And function to flags, no result: 

Register/ memory and register 

mmediate data and register/memory 

mmediate data and accumulator 

0R=Or: 

Reg/ memory and register to either 

mmediate to register/memory 

mmediate to accumulator 

XOR= Exclusive or: 

Reg/memory and register to either 

mmediate to register/ memory 

mmediate to accumulator 

MOT = Invert register/ memory 

STRING MANIPULATION: 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SC AS = Scan byte/ word 

LODS= Load byte/wd to AL/AX 

5TOS = Stor byte/wd f rom AL/ A 

m* Input byte/wd from OX port 

Repeated by count in CX 
tfJOVg= Move string 
CMPS= Compare string 
SCAS= Scan string 
LODS = Load string 
STOS= Store string 
IHS« Input string 




2,7* 

3,7* 

3 

2,6* 
3,6* 

3 

2,7* 

3,7* 

3 

2,7* 
3,7* 

3 
2,7* 

5 
8 
7 
5 
3 

■:. :5 ■ ■ 
■;;.'-;^-.';;':-; 

5+4n 
5 + 9n 
5 + 8n 
5 + 4n 
4+3n 
5+4n 
5+4n 


2,7* 

3,7* 

3 

2,6* 
3,6* 

3 

2,7* 

■V-i r --3,7*--:.-.:7 
3 

2,7* 
3,7* 

3 
2,7* 

5 
8 
7 
5 
3 

. : '5 ■ . 

■-';■ 5/' ; : v :' 

5 + 4n 
5 + 9n 
5 + 8n 
5 + 4n 
4 + 3n 
5+4n 
v-5 + 4^ 


2 ', 
2 

2 
2 

2 

2 
2 

2 

2 

■ 2 
2 

... 2 
2 
2 
* 

2 

2,8 
2,8 
2,8 
2,8 

2 
■ Z ■' 


9 
9 

9 
9 

9 
9 

9 
9 

9 

S 9 .' . 

9 
9 
9 
9 

9 

8,9 

8,9 

8,9 

8,9 
9,14 
9,14 


001000dw 1 modreg r/m | 




1 000 000 w I modi r/m | data | dataifw=1 | 




0010010w| data I dataifw=1 J 




1 1 w J mod reg r/m | 




1 1 1 1 01 1 w J modOOO r/m | data * J dataifw=1 | 


- 


1010100w| data | dataifw— 1 |. 




0000 1 Odw J modreg r/m | 




1 00 w I mod 1 r/m J data J data if w = 1 | 




0600110w| data | dataifw=1 | 




01 1 d w I mod reg r/m | 




1 w j mod 1 1 r/m | data j data if w = 1 | 




1 1 1 w | data j data if w = 1 1 




1 1 1 1 1 1 w I mod 1 r/m I 




101OO1OW I 




101001 1 w | 




10101 1 1 w | 




10101 10w | 




1 1 1 1 w I 




011O110w| 




<moinwl , 




11 1 1001 1 | 101 001 Ow | 




1 11 1001z | 10V001 1w J 




1111 1 z 1 1 010 1 1 1 w I 




111100111 1 1 1 1 w I 




1 1 1 1001 1 I 1010101 w I 




11110011 1 0110110W I 


1111001 1 I O110111W ( 



Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY 


(Continued) 










FUNCTION FORMAT 


CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


CONTROL TRANSFER 












CALL = Call: 




7 + m 
7 +m,11+m* 


7 + m 
7 + m,11+m* 


2 
2,8 


18 
8,9,18 


Direct within segment [111010 


I disp-low I disp-high | 


Register/ memory | 11111111 


I mod 010 r/m I 


indirect within segment 




13 + m 


26 + m 
41 +m 


2 


11,12,18 
8,11,12,18 


Direct intersegment | 10 011010 

Protected Mode Only (Direct intersegment): 

Via call gate to same privilege level 


I segment offset | 


| segment selector | 




Via call gate to different privilege level, no parameters 






82 + m 




8,11,12,18 


Via call gate to different privilege level, x parameters 






86 +4x + m 




8,11,12,18 


ViaTSS 






177 + m 




8,11,12,18 


Via task gate 




16+m 


182 + m 
29 + m* 


2 


8,11,12,18 
8,9,11,12,18 


Indirect intersegment | 11111111 


I mod 01 1 r/m I (moduli) 


Protected Mode Only (Indirect intersegment): 












Via call gate to same privilege level 






44+ m* 




8,9,11,12,18 


Via call gate to different privilege level, no parameters 






83 +m* 




8,9,11,12,18 


Via call gate to different privilege level, x parameters 






90 + 4x +m* 




8,9,11,12,18 


ViaTSS 






180+ m* 




8,9,11,12,18 


Via task gate 






185 + m* 




8,9,11,12,18 


JMP = Unconditional jump: 




7 + m 

7 + m 

7 + m,11+m* 

11+m 


7 + m 

7+ m 

7 + m,11+m* 

23 + m 

38 + m 


2 


18 

18 

9,18 

11,12,18 

8,11,12,18 


Short/long | 11101011 


1 disp-low j 


Direct within segment | 11101001 


1 disp-low j disp-high j 


Register/memory indirect within segment | 11111111 


1 mod 10 r/m j 


Direct intersegment | 1110 1010 

Protected Mode Only (Direct intersegment): 

Via call gate to same privilege level 


I segment offset | 


I segment selector | 




ViaTSS 






175+m 




8,11,12,18 


Via task gate 




15+m* 


180 + m 
26 + m* 


2 


8,11,12,18 
8,9,11,12,16 


Indirect intersegment (11111111 


I mod 101 r/m I (moduli) 


Protected Mode Only (Indirect intersegment): 












Via call gate to same privilege level 






41 +m* 




8,9,11,12,18 


ViaTSS 






178 + m* 




8,9,11,12,18 


Via task gate 






183 + m* 




8,9,11,12,18 


RET = Return from CALL: 


] 


11+m 
11+m 
15 + m 
15 + m 


11 + m 
11 + m 
25 + m 


2 
2 
2 
2 


8,9,18 

8,9,18 
8,9,11,12,18 
8,9,11,12,18 


Within segment | 110 011 


Within seg adding immed to SP | 1 1 1 


1 data-low | data-high | 

] 


Intersegment j 1 1 1011 


Intersegment adding immediate to SP | 110 01010 


j data-low | data-high | 


Protected Mode Only (RET): 












To different privilege level 






55 + m 




9,11,12,18 
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80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 




CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


CONTROL TRANSFER (Continued) 

JE/JZ= Jump on equal zero 

JL/JNGE = Jump on less/ not greater or equal 

JLE/JNG - Jump on less or equal/not greater 

JB/JNAE = Jump on below/not above or equal 

JBE/ JNA - Jump on below or equal/not above 

JP/ JPE « Jump on parity/parity even 

JO = Jump on overflow 

JS= Jump on sign 

JNE/ JNZ = Jump on not equal/not zero 

JNL/ JGE = Jump on not less/greater or equal 

JNLE/JG= Jump on not less or equal/greater 

JNB/JAE = Jump on not below/above or equal 

JNBE/JA= Jump on not below or equal/above 

JNP/ JPO = Jump on not par/par odd 

JNO = Jump on not overflow 

JNS= Jump on not sign 

LOOP= Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 

LOOPNZ/LOOPNE = Loop while not zero/equal 

JCXZ = Jump on CX zero 

ENTER* inter Procedure- v 

l> > vl t / ; : 

LEAVE « leave Procedure 

INT -Interrupt: 

Type specified 

Type 3 

INTO = Interrupt on overflow 






7+mor3 
7+mbr3 
7+mor3 
7+mor3 
7+mor3 
7-f m or 3 
7 + m or 3 
7+ mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7 + mor3 

7 + mor3 
7+mor3 

7 +mor3 

8 + mor4 
8 + mor4 
8+mor4 
8 + mor4 

23+m 

23+m 

24 + m or 3 
(3 if no 
interrupt) 


7+mor3 
7 + mor3 
7 + mor3 
7+mor3 
7+mor3 
7+ mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7 + mor3 
7+mor3 
7+mor3 

7+mor3 
7+mor3 
7+mor3 
8+mor4 
8+mor4 
8 + m or 4 
8+mor4 

11 
15 

(3 if no 
interrupt) 


•V&* ■•.•••'• 

2,8 

WiM-'".: 

2,7,8 
2,7,8 
2,6,8 


18 
18 
18 
18 
18 
.18: 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

':.:;"■' ^W.'i : y 
.'■ - :: W ■¥;■ 


01 1 10100 


disp | 






01 1 1 1 100 


disp J 






01 111110 


disp J 






011 10010 


disp | 






01110110 


disp I 






01111010 


disp | 




01 1 10000 


disp | 






011110 


disp I 






01 110101 


disp I 






01111101 


disp I 






01111111 


disp I 






01 11 001 1 


disp | 






01110111 


disp J 






01111011 


disp J 






01 1 10001 


disp ] 






011110 01 


disp | 






1 1 100010 


disp I 






1 1 100001 


disp I 






1 1 100000 


disp J 






1 1 1 0001 1 


disp [ 






(wMMti&'s. 


data-low | dat*high | L | 






11001001 




11001101 


type J 






1 1 001 too 




1 1001 1 10 





Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION FORMAT 


CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


CONTROL TRANSFER (Continued) 

Protected Mode Only: 

Via interrupt or trap gate to same privilege level 
Via interrupt or trap gate to fit different privilege level 
Via Task Gate 


17+m 

k ; > ~ 

2 
2 
2 
2 
2 
3 
2 
2 
3 


2 ' 
9-20* 



■ ■ 1 !*-.;;■ , 

■Alt* ■';: 

■■■■ik*-:". 

12* 


40+ m 
78+ m 
167 + m 

31+ m 

55+m 
169+ m 

■:: : -:':"t3«": ■■-:■ 

count if 

;-«xcep^^-r' 

2 
2 
2 
2 
2 
3 
2 
2 
3 


9-20* 


f v '.;-1i:*'\: : 

■■"w- ■:'.-■'.; 

'■::;: ; -':;-.12*-- ; '!" : ;: 

'• -17>19* ; . ;; 


2,4 

5,8 
2,3 

■ j2,a;'. 

V 
< 1 


7,3,11,12,18 
7,8,11,12,18 
7,8,11,12,18 

8,9,11,12,15,18 

8,9,11,12,15,18 
8,9,11,12,18 

;^^i|i#; 

14 
14 
13 

14 

8,17 

9.13 

• /■'*. ; "-'-:^' 
,';■;'; :;'9. : ;'A'v : : i; 
9,11,13 


IRET= Interrupt return | 11001111 | 


Protected Mode Only: 

To different privilege level 
To different task (NT= 1) 




PROCESSOR CONTROL 


CLC= Clear carry [ 11 111000 J 




CMC = Complement carry | 11110101 




STC=Set carry | 1 1 1 11001 | 




CLD= Clear direction | 11111100 | 




5TD= Set direction | 11111101 | 




CLI = Clear interrupt | 11111010 | 




STI = Set interrupt | 1 1 1 1 1 11 | 




HLT=Halt | 1 1 1 10100 | 




WAIT=Wait | 10011011 | 




LOCK = Bus lock prefix | 11110000 | 




enfS~Oear task switched flag I 00 0011 11 I 000001 10 | 




ESC = Processor Extension Escape | 1 1 01 1 TTT | mod LLL r/m | 


(TTT LLL are opcode to processor extension) 


SEG= Segment Override Prefix I 001reg110 


PROTECTION CONTROL 


LGDT=* Load global descriptor table register \j*0 00 111 1 | 00000 00 i | mod 1 r/m| 


5GDT- Store global descriptor table register | 00 001 1 1 1 | 00000 001 [modOOO r/m| 


UOT* Load Interrupt descriptor table register [± 6 1 1 11 | 000 00 00 1 | mod 11 f/mj 


SiDT« Store interrupt descriptor table register | 00001111 | 00000001 |mod00l r/m| 


U#r<«i9«i tooa! descriptor table renter 




BLOTf^Stere local descriptor table register 


■: y ::: ; pt^^fmt^_.y | 00001 1 1 1 | 00000000 Imodooo r/m| 




Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 








CLOCK COUNT 


COMMENTS 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


Real 

Address 

Mode 


Protected 
Virtual 

Address 
Mode 


from foglslGHr/memory 












lillllj 


J||||j| 

WNMI 

MMNH 
HflNI 






9,11.10 

0,11,10 
0,11,10 


j 00001111 


| 00000000 


IjS^ifi 


sill 


| 00001111 


| 00000000 


ifSSSli 


ISIfli 










| 00001111 


| 00000001 


iwilii 


SSSill 


| 00001111 


| 00000001 


lpiiB#fc 


wmf m 


l)<lSill$iil 


| 00000010 


^iilii^ 


WWi^M 


| 0000111 1 


| 00000011 


IliliJ 


SilS 


| 01100011 


^■'•iSilSv 


T/*fc-|X 


| 00001111 
] 00001111 


| 00000000 
| 00000000 





Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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Footnotes 

The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high 

are absent 

if mod = 01 then DISP = disp-low sign-extended to 

1 6 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 



REG is assigned according to the following table: 



if r/m 
if r/m 
if r/m 
if r/m 
if r/m 
if r/m 
if r/m 
if r/m 



000 then EA 

001 then EA 

010 then EA 

011 thenEA 

100 then EA 

101 then EA 

110 thenEA 

111 thenEA 



(BX) + (SI) + DISP 
(BX) + (Dl) + DISP 
(BP) + (SI) + DISP 
(BP) + (Dl) + DISP 
(SI) + DISP 
(Dl) + DISP 
(BP) + DISP* 
(BX) + DISP 



DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and r/m = 110 then EQ = disp-high: disp-low. 
SEGMENT OVERRIDE PREFIX 



1 reg 1 1 



reg is assigned according to the following: 





Segment 


reg 


Register 


00 


ES 


01 


CS 


10 


SS 


11 


DC 



16-Bit (w = 1) 

000 AX 

001 CX 

010 DX 

011 BX 

100 SP 

101 BP 
101 SI 
111 Dl 



8-Bit (w = 0) 

000 AL 

001 CL 

010 DL 

011 BL 

100 AH 

101 CH 

110 DH 

111 BH 



The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the Dl register) are computed 
using the ES segment, which may not be overridden. 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 
tween this and the -012 data sheet. Please review 
this summary carefully. 

1. Specifications for the 6, MHz version of the part 
have been deleted. Intel no longer manufactures 
an 80286-6. 

2. The system diagrams (Figures 31 and 32) have 
been modified. The circuit which drives the RES 
input of the 82C284 has been modified in order to 
allow the 82C284 to correctly generate a system 
reset signal. See the 82C284 data sheet (Order 
No. 210453) for further information. 
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80-BIT HMOS 

NUMERIC PROCESSOR EXTENSION 

(80287-3, 80287-6, 80287-8, 80287-10) 



High Performance 80-Bit Internal 
Architecture 

Implements Proposed IEEE Floating 
Point Standard 754 

Expands 80286 Data types to Include 
32-, 64-, 80-Bit Floating Point, 32-, 64- 
Bit Integers and 18- Dig it BCD Operands 

Object Code Compatible with 8087 

Built-in Exception Handling 

Operates in Both Real and Protected 
Mode 80286 Systems 

8x80-Bit, Individually Addressable, 
Numeric Register Stack 



Protected Mode Operation Completely 
Conforms to the 80286 Memory 
Management and Protection 
Mechanisms 

Directly Extends 80286 Instruction Set 
to Trigonometric, Logarithmic, 
Exponential and Arithmetic instructions 
for All Data types 

Operates with 80386 CPU without 
Software Modification 

Available in EXPRESS— Standard 
Temperature Range 

Available in 40 pin-CERDIP package 

(see Packaging Spec: Order #231369) 



The Intel 80287 is a high performance numerics processor extension that extends the 80286 architecture with 
floating point, extended integer and BCD data types. The 80286/80287 computing system fully conforms to 
the proposed IEEE Floating Point Standard. Using a numerics oriented architecture, the 80287 adds over fifty 
mnemonics to the 80286/80287 instruction set, making the 80286/80287 a complete solution for high per- 
formance numeric processing. The 80287 is implemented in N-channel, depletion load, silicon gate technology 
(HMOS) and packaged in a 40-pin cerdip package. The 80286/80287 is object code compatible with the 
8086/8087 and 8088/8087. 



BUS INTERFACE UNIT 



NUMERIC EXECUTION UNIT 



CONTROL WORD 



STATUS 
ADDRESS 



NEU INSTRUCTION 



MICROCODE 

CONTROL 

UNIT 






+-*-► 



7^-7 

/programmable/ 

/ SHIFTER f 

i T 



- REGISTER STACK 



210920-1 



Figure 1. 80287 Block Diagram 



N/C C 1 
N/CC 2 
N/C[ 3 
N.CC 4 
DISC 5 
D1« C 6 
D13C 7 
D«C 6 
VccC 9 
Vss C 10 
011 C 11 
wo C 12 
wet 13 
D»C14 
«*C 15 
D7C 16 
0»Z 17 



18 



D$C 
«>«C 19 
03 C 20 



38p 

37 

36p 

35 3 



34 
33 
32 

80287 31 
30 



29 3 



26 3 

25] 



21 



]N/C 
39 p CKM 
N/C 
] N/C 
PEACK 
RESET 
3NPS1 
3NPS2 
3CLK 
3CMD1 

3 v ss 

CMD0 
3 NPWR 
27(3 NPRD 
I ERROR 

lusv 

PEREO 
23pO0 
22 3 D1 

3D2 



210920-2 
NOTE: 
N/C Pins should not be connected 

Figure 2. 
80287 Pin Configuration 
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Table 1. 80287 Pin Description 



Symbols 


Type 


Name and Functon 


CLK 


I 


CLOCK INPUT: this clock provides the basic timing for internal 80287 
operations. Special MOS level inputs are required. The 82284 or 8284A 
CLK outputs are compatible to this input. 


CKM 


I 


CLOCK MODE SIGNAL: indicates whether CLK input is to be divided by 
3 or used directly. A HIGH input will cause CLK to be used directly. This 
input must be connected to Vcc or Vss as appropriate. This input must 
be either HIGH or LOW 20 CLK cycles before RESET goes LOW. 


RESET 


I 


SYSTEM RESET: causes the 80287 to immediately terminate its 
present activity and enter a dormant state. RESET is required to be 
HIGH for more than 4 80287 CLK cycles. For proper initialization the 
HIGH-LOW transition must occur no sooner than 50 jms after Vcc and 
CLK meet their D.C. and A.C. specifications. 


D15-D0 


I/O 


DATA: 1-bit bidirectional data bus. Inputs to these pins may be applied 
asynchronous to the 80287 clock. 


BUSY 





BUSY STATUS: asserted by the 80287 to indicate that it is currently 
executing a command. 


ERROR 





ERROR STATUS: reflects the ES bit of the status word. This signal 
indicates that an unmasked error condition exists. 


PEREQ 





PROCESSOR EXTENSION DATA CHANNEL OPERAND TRANSFER 
REQUEST: a HIGH on this output indicates that the 80287 is ready to 


transfer data. PEREQ will be disabled upon assertion of PEACK or upon 
actual data transfer, whichever occurs first, if no more transfers are 
required. 


PEACK 


r 


PROCESSOR EXTENSION DATA CHANNEL OPERAND tRANSFER 
ACKNOWLEDGE: acknowledges that the request signal (PEREQ) has 
been recognized. Will cause the request (PEREQ) to be withdrawn in 
case there are no more transfers required. PEACK may be 
asynchronous to the 80287 clock. 


NPRD 


i 


NUMERIC PROCESSOR READ: Enables transfer of data from the 
80287. This input may be asynchronous to the 80287 clock. 


NPWR 


i 


NUMERIC PROCESSOR READ: Enables transfer of data from the 
80287. This input may be asynchronous to the 80287 clock. 


NPS1.NPS2 


i 


NUMERIC PROCESSOR SELECTS: indicate the CPU is performing an 
ESCAPE instruction. Concurrent assertion of these signals (i.e., NPS1 is 
LOW and NPS2 is HIGH) enables the 80287 to perform floating point 
instrucctions. No data transfers involving the 80287 will occur unless the 
device is selected via these lines. These inputs may be asynchronous to 
the 80287 clock. 


CMD1,CMD0 


' " i ... ' 


COMMAND LINES: These, along with select inputs, allow the CPU to 

direct the operation of the 80287. 

These inputs may be asynchronous to the 80287 clock. 
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Table 1. 80187 Pin Description (Continued) 



Symbols 


type 


Name and Function 


v ss 


■ . I 


System ground, both pins must be connected to ground. 


v cc 


i 


+ 5V supply 



FUNCTIONAL DESCRIPTION 

The 80287 Numeric Processor Extension (NPX) pro- 
vides arithmetic instructions for a variety of numeric 
data types in 80286/80287 systems. It also exe- 
cutes numerous built-in transcendental functions 
(e.g., tangent and log functions). The 80287 exe- 
cutes instructions in parallel with an 80286. It effec- 



tively extends the register and instruction set of an 
80286 system for existing 80286 data types and 
adds several new data types as well. Figure 3 pres- 
ents the program visible register model of the 
80286/80287. Essentially, the 80287 can be treated 
as an additional resource or an extension to the 
80286 that can be used as a single unified system, 
the 80286/80287. 
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Figure 3. 80286/80287 Architecture 



The 80287 has two operating modes similar to the 
two modes of the 80286. When reset 80287 is in 
the real address mode. It can be placed in the pro- 
tected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the 80286/80287 is 
completely software compatible with 8086/8087 and 
8088/8087. 



Once in protected mode, all references to memory 
for numerics data or status information, obey the 
80286 memory management and protection rules 
giving a fully protected extension of the 80286 CPU. 
In the protected mode, 80286/80287 numerics soft- 
ware is also completely compatible with 8086/8087 
and 80S8/8087. 
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SYSTEM CONFIGURATION 
WITH 80286 

As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 
4A. Th e dat a cha nnel control sig nals ( P EREQ, 
PEACK), the B0§Y signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected mode, all 
information received by the NPX is validated by the 

80286 memory management and protection unit. 
Once started, the 80287 can process in parallel with 
and independent of the host CPU. When the NPX 
detects an error or excep tion, it w ill indicate this to 
the CPU by asserting the ERROR signal. 

The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory under the protection 
model of the CPU. The full virtual and physical ad- 
dress space of the 80286 is available. Data for the 

80287 in memory is addressed and represented in 
the same manner as for an 8087. 

The 80287 can operate either directly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM = 0), the 80287 works at one- 
third the frequency of the system clock (i.e., for an 
8 MHz 80286, the 16 MHz system clock is divided 
down to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro- 
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a 1 / 3 duty cycle 
clock on the CLK input (CKM = 1), The following 
table describes the relationship between the clock 
speed and the 287 speed version needed as a func- 
tion of the CKM state. 



287 Speed 
Version 


CLK Speed 


CKM = 


CKM = 1 


5 MHz 

6 MHz 
8 MHz 

10 MHz 


12 MHz 
16 MHz 
20 MHz 
25 MHz 


5 MHz 

6 MHz 
8 MHz 

10 MHz 



SYSTEM CONFIGURATION 
WITH 80386 

The 80287 can also be connected as a processor 
extension to the 80386 CPU as shown in Figure 4b. 
All software written for 8086/8087 and 80286/ 
80287 is object code compatible with 80386/80287 
and can benefit from the increased speed of the 
80386 CPU. 



Note that the PEACK input pin is pulled high. This is 
because the 80287 is not required to keep track of 
the number of words transferred during an operand 
transfer when it is connected to the 80386 CPU. Un- 
like the 80286 CPU, the 80386 CPU knows the exact 
length of the operand being transferred to/from the 
80287. After an ESC instruction has been sent to the 
80287, the 80386 processor extension data channel 
will initiate the data transfer as soon as it receives 
the PEREQ signal from the 80287. The transfer is 
automatically terminated by the 80386 CPU as soon 
as all the words of the operand have been trans- 
ferred. 

Because of the very high speed local local bus of 
the 80386 CPU, the 80287 cannot reside directly on 
the CPU local bus. A local bus controller logic is 
used to generate the necessary read and write cycle 
timings as well as the chip select timings for the 
80287. The 80386 CPU uses I/O addresses 
800000F8 through 800000FF to communicate with 
the 80287. This is beyond the normal I/O address 
space of the CRU and makes if easie r to g enerate 
the chip select signals using A31 and M/IO. It may 
also be noted that the 80386 CPU automatically 
generates 16-bit bus cycles whenever it communi- 
cates with the 80287. 



HARDWARE INTERFACE 

Communication of instructions and data operands 
between the 80286 and 80 287 is han dled by the 
CMD0, CMDT, NPSf, NPS2, NPRD, and NPWR sig- 
nals. I/O port addresses 00F8H, O0FAH, and 00FCH 
are used by the 80g86 for this communi cation. 
When any of these addresses are used, the NPS1 
input must be L OW and NPS2 input HIGH. The 
IORC and IOWC outputs of the 82288 identify I/O 
space transfers (see Figure 4A). CMD0 should be 
connected to Igtched 80286 AI and CMD1 should 
be connected to latched 80286 A2. 

I/O ports 00F8H to 00FFH are reserved for the 
80286/80287 interface. To guarantee correct opera- 
tion of the 80287, programs must not perform any 
I/O operations to these ports. 



The PEREQ, PEACK, BUSY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected t6 the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when the 80286 reads from the 80287. The 
use of M/IO in the decoder prevents INTA bus cy- 
cles from disabling the data transceivers. 

PROGRAMMING INTERFACE 

Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
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values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. All values should start at even addresses for 
maximum system performance; 

Internally the 80287;holds all numbers in the tempo- 
rary real format. Load instructions automatically con- 
vert operands represented in memory as ijj.-, 32-, or 
64-bit integers, 32- or 64-bit floating point number or 



18-digit packed BCD numbers into temporary real 
format. Store instructions perform the reverse type 
conversion. 

80287 computations use the processor's register 
stack. These eight 80-bit registers provide the equiv- 
alent capacity of 40 16-bit registers. The 80287 
register set can be accessed as a stack* with in- 
structions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 



€ 



RESET 

REA5Y 

82C284 CLK 

CLOCK 

GENERATOR — 

SO 



I""! 
T.J 



----; V 



Sdress 




p 



r --.-.-«r 



l_--._.-._.__-._j 



c— - O D— I 



210920-4 



Figure 4A. 80286/80287 System Configuration 
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Figure 4B. 80386/80287 System Configuration 



3-61 



inter 



80287 



Table 2. 80287 Data Type Representation in Memory 



Data 
Formats 



Range 



Precision 



Most Significant Byte 



HIGHEST ADDRESSED BYTE 



7 7 7 070707070707070 



Word Integer 



10* 



16 Bits 



(TWOS 
COMPLEMENT) 



Short Integer 



10" 



32 Bits 



(TWOS 
COMPLEMENT) 



Long Integer 



10 



,19 



64 Bits 



(TWOS 
COMPLEMENT) 



Packed BCD 



10 



,18 



18 Digits 



MAGNITUDE 

di? jCioi d i5 i <*14 ., d 13 ,(1,2,(1, , ,d IU| d 9 , d a , d 7 , d b , d s , d, t , d 3 , d; , d, , d. 



Short Real 



24 Bits 



BIASED 
EXPONENT 



SIGNIFICAND 



23\ 



Long Real 



10" 



,±308 



53 Bits 



BIASED 
EXPONENT 



^C7 



Temporary Real 



10" 



:4932 



64 Bits 



BIASED 
EXPONENT 



n. 



64 63' 



NOTES: 210920-6 

1 . S = Sign bit (0 = positive, 1 = negative) 

2. d n = Decimal digit (two per byte) 

3. X = Bits have no significance; 8087 ignores when loading, zeros when storing. 

4. * = Position of implicit binary point 

5. 1 = integer bit of significant; stored in temporary real, implicit in short and long real. 

6. Exponent Bias (normalized values): 
Short Real: 127 (7FH) 

Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 

7. Packed BCD: (-1)s (D 17 . . . D ) 

8. Real: (-1)s (2E-BIAS)(F F 1 . . .) 

Table 6 lists the 80287's instructions by class. Mo appropriate high level languages. All 8086/8088 de- 
special programming tools are necessary to use the velopment tools which support the 8087 can also be 
80287 since all new instructions and data types are used to develop software for the 80286/80287 in 
directly supported by the 80286 assembler and real address mode. 
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SOFTWARE INTERFACE 

The 80286/80287 is programmed as a single proc- 
essor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU auto- 
matically controls the 80287 whenever a numeric in- 
struction is executed. All memory addressing 
modes, physical memory, and virtual memory of the 
CPU are available for use by the NPX. 

Since the NPX operates in parallel with the CPU, any 
errors detected by the NPX may be reported after 
the CPU has executed the ESCAPE instruction 
which caused it. To allow identification of the failing 
nurfieric instruction, the NPX contains two pointer 
registers which identify the address of the failing nu- 
meric instruction and the numeric memory operand if 
appropriate for the instruction encountering this er- 
ror. 



INTERRUPT DESCRIPTION 

Several interrupts of the 80286 are used to report 
exceptional conditions while executing numeric pro- 
grams in either real or protected mode. The inter- 
rupts and their functions are shown in Table 3. 



PROCESSOR ARCHITECTURE 

As shown in Figure 1, the NPX is internally divided 
into two processing elements, the bus interface unit 
(BIU) and the numeric execution unit (NEU). The 
NEU executes all numeric instructions, while the BIU 
receives and decodes instructions, requests oper- 
and transfers to and from memory and executes 
processor control instructions. The two units are 
able to operate independently of one another allow- 
ing the BIU to maintain asynchronous communica- 
tion with the CPU while the NEU is busy processing 
a numeric instruction. 



BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by 
the CPU. If the ESC code defines a math instruction, 
the BIU transmits the formatted instruction to the 
NEU. If the ESC code defines an administrative in- 
struction, the BIU executes it independently of the 
NEU. The parallel operation of the NPX with the 
CPU is norm ally tra nspa rent to t he user. The BIU 
generates the BUSY and ERROR signals for 80826/ 
80287 processor synchronization and error notifica- 
tion, respectively, 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 
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Table 3. 80286 Interrupt Vectors Reserved for NPX 



Interrupt Number 


Interrupt Function 


. . 7 ■■■.; 


An ESC instruction was encountered when EM or TS of the 80286 MSW was 
set. EM = 1 indicates that software emulation of the instruction is required. 
When TS is set, either an ESC or WAIT instruction will cause interrupt 7. This 
indicates that the current NPX context may not belong to the current task. 


■ ; 9 


The second or subsequent words of a numeric operand in memory exceeded a 
segment's limit. This interrupt occurs after executing an ESC instruction. The 
saved return address will not point at the numeric instruction causing this 
interrupt. After processing the addressing error, the 80286 program can be 
restarted at the return address with IRET. The address of the failing numeric 
instruction and numeric operand and saved in the 80287. An interrupt handler 
for this interrupt must execute FN I NIT before any other ESC or WAIT 
instruction. 


13 


The starting address of a numeric operand is not in the segment's limit. The 
return address will point at the ESC instruction, including prefixes, causing this 
error. The 80287 has not executed this instruction. The instruction and data 
address is 80287 refer to a previous, correctly executed, instruction. 


16 


The previous numeric instruction caused an unmasked numeric error. The 
address of the faulty numeric instruction or numeric data operand is stored in 
the 80287. Only ESC or WAIT instructions can cause this interrupt. The 80286 
return address will point at a WAIT or ESC instruction, including prefixes, which 
may be restarted after clearing the error condition in the NPX. 



80286 tests the BUSY pin and waits until the 80287 
indicates that it is not busy before initiating the com- 
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC in- 
struction. In 8086/8087 systems, this synchroniza- 
tion is achieved by placing a WAIT instruction before 
an ESC instruction. For most ESC instructions, the 

80287 does not require a WAIT instruction before 
the ESC opcode. However, the 80287 will operate 
correctly with these WAIT instruction. In all cases, a 
WAIT or ESC instruction should be inserted after 
any 80287 store to memory (except FSTSW and 
FSTCW) or load from memory (except FLDENV or 
FRSTOR) before the 80286 reads or changes the 
value to be sure the numeric value has already been 
wrtten or read by the NPX. 

Data transfers between memory and the 80287 , 
when needed, a r e cont rolled by the PEREQ PEACK, 
NPRD, NPWR, NPS1, NPS2 signals. The 80286 
does the actual data transfer with memory through 
its processor extension data channel. Numeric data 
transfers with memory performed by the 80286 use 
the same timing as any other bus cycle. Control sig- 
nal for the 80287 are generated by the 80826 as 



shown in Figure 4a, and meet the timing require- 
ments shown in the AC requirements section. 



NUMERIC EXECUTION UNIT 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi- 
cand bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activated the BIU BUSY signal. This signal is used in 
conjunction with the CPU WAIT instruction or auto- 
matically with most of the ESC instructions to syn- 
chronize both processors. 



REGISTER SET 

The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087's register stack 
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Figure 5. 80287 Register Set 



is 80 bits wide and is divided into "fields" corre- 
sponding to the NPX's temporary real data type. 

At a given point in time the TOP field in the status 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register pointed by the 
TOP. Other instructions allow the programmer to ex- 
plicitly specify the register which is to be used. This 
explicit register addressing is also "top-relative." 



STATUS WORD 

The 16-bit status word (in the status register) shown 
in Figure 6 reflects the overall state of the 80287. It 
may be read and inspected by CPU code. The busy 
bit (bit 15) indicates whether the NEU is executing 
an instruction (B = 1) or is idle (B = 0). 



The instructions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in or- 
der to be executed. 

The four numeric condition code bits (C0-C3) are 
similar to the flags in a CPU: instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome of NPX operations. The effect of 
these instructions on the condition code is summa- 
rized in Tables 4a and 4b. 

Bits 14-12 of the status word point to the 80287 
register that is the current top-of-stack (TOP) as de- 
scribed above. Figure 6 shows the six error flags in 
bits 5-0 of the status word. Bits 5-0 are set to indi- 
cate that the NEU has detected an exception while 
executing an instruction. The section on exception 
handling explains how they are set and used. 

Bit 7 is the error summary status bit. This bit is set if 
any unmasked exception bit is set and cleared oth- 
erwise. If this bit is set, the ERROR signal is assert- 
ed. 
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EXCEPTION FLAGS (1 EXCEPTION HAS OCCURRED) 



- INVALID OPERATION* 

- DENORMALIZED OPERAND* 



- ZERO DIVIDE* 
■ OVERFLOW* 
-UNDERFLOW* 

- PRECISION* 



-(RESERVED) 

- ERROR SUMMARY STATUS * 

-CONDITION CODE (2) 

-TOP OF STACK POINTER* 3 

-NEUBUSY 



210920-7 



NOTES: 

1. ES is set if any unmasked exception bit is set, cleared otherwise. 

2. See Table 5 for condition code interpretation. 

3. Top Values 

000 = Register is Top of Stack 

001 = Register 1 is Top of Stack 



111= Register 7 is Top of Stack. 
*For definitions, see the section on exception handling 



Figure 6. 80287 Status Word 



TAGWORD 



The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX's performance. The 
eight two-bit tags in the tag word can be used, how- 
ever, to interpret the contents of 80287 registers. 



INSTRUCTION AND DATA POINTERS 

The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error handlers. 
Whenever the 80287 executes a new instruction, the 
BIU saves the instruction address, the operand ad- 
dress (if present) and the instruction opcodev 80287 
instructions can store this data into memory. 

The instruction and data pointers appear in one of 
two formats depending on the operating mode of the 
80287, In real mode* these values are the 20-bit 
physical address and 1 1 -bit opcode formatted like 
the 8087. In protection mode, these values are the 



32-bit virtual address used by the program which ex- 
ecuted an ESC instruction. The same FLDENV7 
FSTENV/FSAVE/FRSTOR instructions as those of 
the 8087 are used to transfer these values between 
the 80287 registers and memory. 

The saved instruction address in the 80287 will point 
at any prefixes which preceded the instruction. This 
is different than in the 8087 which only pointed at 
the ESCAPE instruction opcode. 



CONTROL WORD 

The NPX provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of fields in the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 80287 recognizes. The 
high order byte of the control word configures the 
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Table 4a. Condition Code Interpretation 



Instruction 












Type 


c 3 


c 2 


Ci 


Co 


Interpretation 


Compare, Test 








X 





ST > Source or (FTST) 










X 


1 


ST < Source or (FTST) 




1 





X 





ST = Source or (FTST) 




1 


1 


X 


1 


ST is not comparable 


Remainder 


Qi 





Qo 


Q 2 


Complete reduction with 
three low bits of quotient 
(See Table 5b) 




u 


1 


u 


u 


Incomplete Reduction 


Examine 














Valid, positive unnormalized 













1 


Invalid, positive, exponent = 










1 





Valid, negative, unnormalized 










1 


1 


Invalid, negative, exponent = 







1 








Valid, positive, normalized 







1 





1 


Infinity, positive 







1 


1 





Valid, negative, normalized 







1 


1 


1 


Infinity, negative 















Zero, positive 












1 


Empty 









1 





Zero, Negative 









1 


1 


Empty 






1 








Invalid, positive, exponent = 






1 





1 


Empty 






1 


1 





Invalid, negative, exponent = 






1 


1 


1 


Empty 



NOTES: 

1. ST = Top of Stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 



Table 4b. Condition Code Interpretation after 

FPREM (See Note 1) Instruction as a Function of 

Dividend Value 



Dividend Range 


Q 2 


Qv 


Qo 


Dividend < 2 * Modulus 
Dividend < 4 * Modulus 
Dividend ^ 4 * Modulus 


C3 

c 3 

Q 2 


Ci 

Qi 
Qi 


Qo 
Qo 
Qo 



NOTE: 

i . Previous value of indicated bit, not affected by FPREM 
instruction execution. 



80287 operating mode including precision, rounding, 
and infinity control. The precision control bits (bits 
9-8) can be used to set the 80287 internal operating 
precision at less than the default of temporary real 
(80-bit) precision. This can be useful in providing 
compatibility with the early generation arithmetic 
processors of smaller precision than the 80287. The 
rounding control bits (bits 11-10) provide for direct- 
ed rounding and true chop as well as the unbiased 
round to nearest even mode specified in the IEEE 
standard. Control over closure of the number space 
at infinity is also provided (either affine closure: ± 
<x\ or projective closure: <*>, is treated as unsigned, 
may be specified). 



3-67 



iny 



80287 





15 






TAG (7) 


TAG (6) 
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TAG (4) 


TAG (3) 


TAG (2) 


TAG(1) 


TAG(O) 




TAG VALUES: 
NOTE: 00 = VALID 
The index i of tag(i) is not top-relative. A program 01 = zero 
typically uses the "top" field of Status Word to deter- 10 = invalid or infinity 
mine which tag(i) field refers to logical top of stack. 1 1 ~ EMPTY 





Figure 7. 80287 Tag Word 
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CONTROL WORD 


STATUS WORD 


TAG WORD 


IP OFFSET 


CS SELECTOR 


DATA OPERAND OFFSET 


DATA OPERAND SELECTOR 







Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 



EXCEPTION HANDLING 

The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exce ptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the 'de- 
fault' procedures that will be carried out if the excep- 
tion is masked, are as follows: 

Invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, <», - <», etc) or the use of 
a Non-Number (NAN) as an operand. An exponent 
value of all ones and non-zero significand is re- 
served to identify NANs. If this exception is masked, 
the 80287 default response is to generate a specific 



NAN called INDEFINITE, or to propogate already ex- 
isting NANs as the calculation result. 

Overflow: The result is too large in magnitude to fit 
the specified format. The 80287 will generate an en- 
coding for infinity if this exception is masked. 

Zero Divisor: The divisor is zero while the dividend 
is a non-infinite, non-zero number. Again, the 80287 
will generate an encoding for infinity if this exception 
is masked. 

Underflow: The result in non-zero but too small in 
magnitude to fit in the specified format. If this excep- 
tion is masked the 80287 will denormalize (shift 
right) the fraction until the exponent is in range. The 
process is called gradual underflow. 
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15 


MEMORY 
OFFSET 

+ 
+ 2 
+ 4 
+ 6 

+ 8 

+ 10 

+ 12 




CONTROL WORD 


STATUS WORD 


TAG WORD 


INSTRUCTION POINTER (1 5-0) 


INSTRUCTION 
POINTER (19-16) 





INSTRUCTION 
OPCODE (10-0) 


DATA POINTER (15-0) 


DATA POINTER 
(19-16) 


o 




15 12 11 



Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 



c | x | x |pm|um|qm|zm[dm|im 



EXCEPTION MASKS (1 EXCEPTION IS MASKED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 
(RESERVED) 
(RESERVED) 

PRECISION CONTROL (1> 
ROUNDING CONTROL* 2 ' 
INFINITY CONTROL (0 = PROJECTIVE, 1 
(RESERVED) 



AFFINE) 



(1) PRECISION CONTROL 

00 = 24 BITS (SHORT REAL) 

01 = RESERVED 

10 = 53 BITS (LONG REAL) 

11 = 64 BITS (TEMP REAL) 



(2) ROUNDING CONTROL 

00 = ROUND TO NEAREST OR EVEN 

01 = ROUND DOWN (TOWARD -x) 

10 = ROUND UP (TOWARD +x) 

1 1 = CHOP (TRUNCATE TOWARD ZERO) 



Figure 9. 80287 Control Word 
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Denormalized Operand: At least one of the oper- 
ands is denormalized; it has the smallest exponent 
but a non-zero significand. Normal processing con- 
tinues if this exception is masked off. 

Inexact Result: The true result is not exactly repre- 
sentable in the specified format, the result is round- 
ed according to the rounding mode, and this flag is 
set. If this exception is masked, processing will sim- 
ply continue. 

If the error is not masked, the corresponding error 
bit and the error st atus bit ( ES) in the control word 
will be set, and the ERROR output signal will be as- 
serted. If the CPU attempts to execute another ESC 
or WAIT instruction, exception 7 will occur. 

The error condition must be resolved via an interrupt 
service routine. The 80287 saves the address of the 
floating point instruction causing the error as well as 
the address of the lowest memory location of any 
memory operand required by that instruction. 



8086/8087 COMPATIBILITY: 

The 80286/80287 supports portability of 8086/8087 
programs when it is in the real address mode. How- 
ever, because of differences in the numeric error 
handling techniques, error handling routines may 
need to be changed. The differences between an 
80286/80287 and 8086/8087 are: 

1. The NPX error signal does not pass through an 
interrupt controller (8087 INT signal does). 



Therefore, any interrupt controller oriented in- 
structions for the 8086/8087 may have to be de- 
leted. 

2. Interrupt vector 16 must point at the numeric error 
handler routine. 

3. The saved floating point instruction address in the 
80287 includes any leading prefixes before the 
ESCAPE opcode. The corresponding saved ad- 
dress of the 8087 does not include leading prefix- 
es. 

4. In protected mode, the format of the saved in- 
struction and operand pointers is different than for 
the 8087. The instruction opcode is not saved— it 
must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC instruc- 
tions with either TS or EM or MSW = 1. If TS of 
MSW = 1 then WAIT will also cause interrupt 7. 
An interrupt handler should be added to handle 
this situation. 

6. Interrupt 9 will occur if the second or subsequent 
words of a floating point operand fall outside a 
segment's size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment's size. An interrupt handier should be 
added to report these programming errors. 

In the protected mode, 8086/8087 application code 
can be directly ported via recompilation if the 80286 
memory protection rules are not violated. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to + 1 50°C 

Case Temperature 0°C to 85°C 

Voltage on any Pin with 
Respect to Ground - 1..0 to + 7V 

Power Dissipation 3.0 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = o°c to 70°c, T c = 6°C to 85°c, v C c = 5V ±5% 



ALL SPEEDS SELECTIONS 










Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


V|L 


Input LOW Voltage 


-0.5 


0.8 


V 




V, H 


Input HIGH Voltage 


2.0 


Vcc+0.5 


V 




V|HC 


Clock Input HIGH Voltage 
CKM = 1: 
CKM = 0: 


2.0 
3.8 


Vcc+1 
Vcc+1 


V 
V 




V, LC 


Clock Input LOW Voltage 
CKM = 1 
CKM = 


-0.5 
-0.5 


0.8 
0.6 


V 
V 




Vol 


Output LOW Voltage 




0.45 


V 


Iol = 3.0 mA 


Voh 


Output HIGH Voltage 


2.4 




V 


Iqh = -400 /xA 


•li 


Input Leakage Current 


• 


±10 


JLlA 


OV < V, N <: V CC 


Ilo 


Output Leakage Current 


• 


±10 


/xA 


0.45V ^ Vqut ^ V C c 


ice 


Power Supply Current 


• 


600 
475 
375 


mA 
mA 
mA 


T A = 0°C 
T A = 25°C 
T A = 70°C 


C|N 


Input Capacitance 


• 


10 


PF 


F c = MHz 


c 


Input/Output Capacitance 
(D0-D15) 


• 


20 


PF 


V c = 1 MHz 


CdK 


CLK Capacitance 


• 


12 


PF 


F c = 1 MHz 
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A.C. CHARACTERISTICS T A = o°C to 70°C, t C ase = o°C to 85°C, v C c = 5V ±5% 



TIMING REQUIREMENTS 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 



Symbol 


Parameter 


80287-3 
5 MHz 


80287-6 
6 MHz 


80287-8 
8 MHz 


80287-10 

10 MHz 

Preliminary 


Units 


Tefct 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


TdCL 


CLK Period 
CKM = 1: 
CKM - 0: 


200 
62.5 


500 
250 


166 
62.5 


500 
166 


125 
50 


500 
166 


100 
40 


500 
166 


ns 
ns 




TdCH 


CLK LOW Time 
CKM = 1: 
CKM = 0: 


118 
15 


230 


100 
15 


343 
146 


68 
15 


343 
146 


62 
11 


343 
146 


ns 
ns 


At 6.8V 
At 0.6V 


TCHCL 


CLK HIGH Time 
CKM = 1: 
CKM = 0: 


69 
20 


235 


50 
20 


230 
151 


43 
20 


230 
151 


28 
18 


230 
151 


ns 
ns 


At 2.0V 
At 3.6V 


TCH1CH2 


CLK Rise Time 




10 




10 




10 




10 


ns 


1.0V to 3.6V 
if CKM = 


T CL2CL1 


CLK Fall Time 




10 




10 




io 




10 


ns 


3.6V to 1.0V 
if CKM = 


T DYWH 


Data Setup to 
NPWR Inactive 


75 




75 




75 




75 




ns 




TWHDX 


Data Hold from 
NPWR Inactive 


30 




30 




18 




18 




ns 




T WLWH 
TrlrH 


NPWR NPRD 
Active Time 


95 




95 




90 




90 




ns 


At 0.8V 


Tavwl 

T AVRL 


Command Valid 
to NPWR or 
NPRDActive 






















hs 




T MHRL 


Minimum Delay 
from PEREQ Active 


130 




130 




130 




100 




ns 




to NPRD Active 


Tklkh 


PEAK Active Time 


85 




85 




85 




60 




ns 


At 0.8V 


Tkhkl 


PEAK Inactive Time 


250 




250 




250 




200 




ns 


At 2.0V 


Tkhch 


PEAK inactive to 
NPWR, NPRD 
Inactive 


50 




50 




40 




40 




ns 




TCHKL 


NPWR, NPRD 
Inactive to 
PEAK Active 


-30 




-30 




-30 




-30 




ns 




T WHAX 
T RHAX 


Command Hold 


30 




30 




30 




22 




ns 




from NPWR, 
NPRD Inactive 


Tklcl 


PEAK Active 


50 




50 




40 




40 




ns 




Setup to NPWR 
NPRD Active 
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A.C. CHARACTERISTICS T A = 0°C to 70°C, T C ase - 0°C to 85°C, V C c = 5V ±5% (Continued) 



TIMING REQUIREMENTS (Continued) 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 



Symbol 


Parameter 


80287-3 
5 MHz 


80287-6 
6 MHz 


80287-8 
8 MHz 


80287-10 

10 MHz 

Preliminary 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


T IVCL 


NPWR, NPRD 
to CLK Setup Time 


70 




70 




70 




53 




ns 


(Notel) 


T CLIH 


NPWR, NPRD 
from CLK Hold Time 


45 




45 




45 




37 




ns 


(Note 1) 


T RSCL 


RESET to CLK 
Setup Time 


20 




20 




20 




20 




ns 


(Notel) 


TCLRS 


RESET from CLK 
Hold Time 


20 




20 




20 




20 




ns 


(Notel) 



TIMING RESPONSES 



Symbol 


Parameter 


80287-3 
5 MHz 


80287-6 
6 MHz 


80287-8 
8 MHz 


80287-10 

10 MHz 

Preliminary 


Units 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


TrhQZ 


NPRD Inactive to 
Data Float 




37.5 




37.5 




35 




21 


ns 


(Note 2) 


Trlov 


NPRD Active to 
Data Valid 




60 




60 




60 




60 


ns 


(Note 3) 


T|LBH 


ERROR Active to 
BUSY Inactive 


100 




100 




100 




100 




ns 


(Note 4) 


T WLBV 


NPWR Active to 
BUSY Active 




100 




100 




100 




100 


ns 


(Note 5) 


T KLML 


PEAK Active to 
PEREQ Inactive 




127 




127 




127 




100 


ns 


(Note 6) 


T CMDI 


Command Inactive 

Time 
Write-to-Write 
Read-to-Read 
Write-to-Read 
Read-to-Write 


95 
250 
105 
95 




95 
95 
95 
95 




95 
95 
95 
95 




75 
75 
75 
75 




ns 
ns 
ns 
ns 


At 2.0V 
At 2.0V 
At 2.0V 
At 2.0V 


Trhqh 


Data Hold from 
NPRD Inactive 


5 




3 




3 




3 




ns 


(Note 7) 



NOTES: 

1 . This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK 
edge. 

2. Float condition occurs when output current is less than Ilo on D0-D15. 

3. P0-P 15 loSINFtf: XL = 100 pF. 

4. BUSY loading: CL = 100 pF. 

5. BUSY loading: CL = 100 pF. 

6. On last data transfer on numeric instruction. 

7. D0-D15 loading: CL = 100 pF. 
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WAVEFORMS 

DATA TRANSFER TIMING (Initiated by 80286) 



CMPO CMD1 
NPST,NPS2 



X 



D -D 15 - 
NPWR- 



VALID 



-TRLRH- 



^ C 3 M TRHQZ— »► 



-TRHAX- 



-TRHQH- 



■ ««« "ssr > 



\ / 



D -D, 5 DATA MAY CHANGE 



* TWLWH »• 



TDVWH 



TWHDX 



\ DATA IN t/ 

A VALID -A 



BUSY 



X 



X 



DATA MAY CHANGE 



DATA 
I TRANSFER 
FROM 
80287 



DATA 

TRANSFER 
TO 
80287 



DATA CHANNEL TIMING (Initiated by 80287) 



CMD0. CMD1 
FTP51.NPS2 



»— \ 



TAVWL 
TAVRL 



NPRD'NPWR 



\ 



PEREQ 



•Jr 



JL 



««- TCLML -** 



X 



<+ TKLML -► 



- TKHCH 



PEACK 



X 



TRHAX 
TWHAX 



X 



)L 



-TKHKL- 



:czr 
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WAVEFORMS (Continued) 
ERROR OUTPUT TIMING 








B0S7 






i 








<+ TILBH ► 


ERROR 


a 




210920-14 


CLK, RESET TIMING (CKM = 1) 








| <"i 

CLK \ 

(IF CKM = 1) x 




| *2 


It / 


2 


' 




/ N 


f J 




TpLIH -*■ 






*- T WCL-* 




RESET 


.mm 1 . 












210920-15 




NOTE: 

















Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements on this page are given for testing purposes only, 
to assure recognition at a specific CLK edge. 
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WAVEFORMS (Continued) 

CLK, NPRD, NPWR TIMING (CKM = 1) 



♦i 



CLK \ 

(IF CKM = 1) % " 



NPWR 



/ — y / — \ 

W~ T CLIH — ** |**- T IVCL-*' 

^^m w — 



210920-16 



CLK, RESET TIMING (CKM = 0) 



PHASE INDETERMINATE 



RESET 



Mj 



p 




Hh 



^m 



'IVCL - 



NOTE: 

Reset must meet timing shown to guarantee known phase of internal +3 circuit. 



210920-17 



CLK, NPRD, NPWR TIMING (CKM = 0) 




NPRD, 



wwwwwv 



mr 



210920-18 
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Table 6. 80287 Extensions to the 80286 Instruction Set 








Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 
ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory 

ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0) to ST(i) 

FXCH = Exchange ST(i) and 
ST(0) 

Comparison 
FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) 

FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) 
ST(i) to ST(0) 

FCOMPP = Compare ST(1) to 
ST(0) and Pop Twice 

FTST = Test ST(0) 
FXAM = Examine ST(0) 








Optional 

8,16 Bit 

Displacement 


Clock Count Range 
32 Bit 32 Bit 64 Bit 
Real Integer Real 


16 Bit 
integer 




MF 


= 


00 


01 


10 


11 








: 




36-56 52-60 

60-68 

53-65 

290-310 

17-22 

84-90 82-92 
15-22 

86-92 84-94 
94-105 

52-58 

520-540 

17-24 

10-15 

60-70 78-91 
40-50 

63-73 80-93 
45-52 

45-55 

38-48 

12-23 


40-60 46-54 

96-104 80-90 
98-106 82-92 

65-75 72-86 
67-77 74-88 


ESCAPE MF 1 


[ MOD R/M 


DISP • 


ESCAPE 1 1 1 


MOD 1 1 R/M 


disp ; 




ESCAPE 1 1 


MOD 1 1 R/M 


DISP j 




ESCAPE 1 1 1 


MOD 1 R/M 


DISP | 








ESCAPE 1 


11 ST(i) 










ESCAPE MF 1 


MOD 1 R/M 


DISP ( 








ESCAPE 1 1 


11 1 ST(i) 




- 






ESCAPE MF 1 


MOD 1 1 R/M 


DISP j 








ESCAPE 1 1 1 


MOD 1 1 1 R/M 


DISP | 






ESCAPE 1 1 


MOD 1 1 1 R/M 


DISP j 






ESCAPE 111 


MOD 1 1 R/M 


DISP j 








ESCAPE 10 1 


1 1 11 ST(i) 










ESCAPE 1 


11 1 ST(i) 










ESCAPE MF 


MOD 1 R/M 


DISP | 








ESCAPE 


110 10 ST(i) 










ESCAPE MF 


MOD 1 1 R/M | DISP j 


ESCAPE 


110 11 ST(i) 








ESCAPE 1 1 


11 110 1 










ESCAPE 1 


11 10 10 










ESCAPE 1 | 


11 10 10 1 










210920-19 
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0.45V CKM 
0.45V CKM = 1 



3.6V CKM = 
2.0V CKM = 1 



1.0V CKM = 
0.8V CKM = 1 



AC Drive and Measurement Points— CLK Input 



4.0V CKM = 
24V CKM 



CLK 
INPUT 



'/ 



0.45V CKM = . 
0.45V CKM = 1 




3.6V CKM = 
2.0V CKM = 1 



1.0V CKM = 
. 0.8V CKM = 1 



*-*SETUP- 



OTHER 
DEVICE 
INPUT 




0.8V 




-tHOLD- 




*DELAY 



DEVICE 
OUTPUT 




210920-10 



AC Setup, Hold and Delay Time Measurement— General 



DEVICE 






C L 


210920-11 


OUTPUT 












— 



AC Test Loading on Outputs 
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Table 6. 80287 Extensions to the 80286 Instruction Set (Continued) 



Constants 



FLOZ = LOAD + 0.0 into ST(0) 

FLD1 = LOAD + 1.0 into ST(0) 

FLDPI = LOAD rr into ST(0) 

FLDL2T = LOAD log 2 10 into 
ST(0) 

FLDL2E = LOAD log 2 e into 
ST(0) 

FLDLG2 = LOAD log 10 2 into 
ST(0) 

FLDLN2 = LOAD log e 2 into 
ST(0) 

Arithmetic 

FADO = Addition 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSUB = Subtraction 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FDIV - Division 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 



Optional 

8,16 Bit 

Displacement 



32 Bit 
Real 



Clock Count Range 



32 Bit 
Integer 



01 



MBit 
Real 



| ESCAPE 001 |1 1101 110 | 




| ESCAPE 00l|l1 101000 | 




| ESCAPE 00l|l1 101011 | 




| ESCAPE 00l|l1 101001 | 




| ESCAPE 001|11 101010 | 




| ESCAPE 1 | 1 1 10 110 | 




| ESCAPE 1 | 1 1 10 110 1 | 



ESCAPE MF MOD R/M 



| ESCAPE d P. 


110 ST(i) | 




| ESCAPE MF 


MOD 1 R R/M ] 



ESCAPE d P 1 1 1 R R/M 



ESCAPE MF MOD 1 R/M 



ESCAPE 


d P 


1 1 1 R/M ] 




ESCAPE 


MF 


MOD 1 1 R R/M 




ESCAPE 


d P 


1 1 1 1 R R/M | 



DISP 



11-17 

15-21 
16-22 
16-22 
15-21 

18-24 
17-23 



90-120 108-143 95-125 102-137 
70-100 (Note 1) 

90-120 108-143 95-125 102-137 
70-100 (Note 1) 

110-125 130-144 112-168 124-138 
90-145 (Note 1) 

215^225 230-243 220-230 224-238 
193-203 (Note 1) 



FSQRT = Square Root of ST(0) 
FSCALE = Scale ST(0) by ST(1) 



FPREM « Partial Remainder of 
ST(0) +ST(1) 



FRNDINT - Round ST(0) to 
Integer 



ESCAPE 1 



11 1110 10 



ESCAPE 1 



11 11110 1 



ESCAPE 1 



11 1110 



ESCAPE 00111 111100 



180-186 
32-38 

15-190 



210920-20 



NOTE: 

1 . If P = 1 then add 5 clocks. 
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Table 6. 80287 Extensions to the 80286 Instruction Set (Continued) 



FXTRACT = Extract 
Components of St(0) 

FABS = Absolute Value of 
ST(0) 

FCHS - Change Sign of ST(0) 

Transcendental 

FPTAN = Partial Tangent of 
ST(0) 

FPATAN = Partial Arctangent 
ofST(O) -ST(1) 

F2XM1 =2 ST(0) -1 

FYL2X = ST(1)-Log 2 
IST(0)| 

FYL2XP1 =ST(1)'Log 2 
|ST(0)+1| 

Processor Control 

FINIT = Initialize NPX 

FSETPM = Enter Protected 
Mode 

FSTSW AX = Store Control 
Word 

FLDCW = Load Control Word 

FSTCW = Store Control Word 

FSTSW = Store Status Word 

FCLEX = Clear Exceptions 

FSTENV = Store Environment 

FLDENV = Load Environment 

FSAVE = Save State 

FRSTOR = Restore State 

FINCSTP = Increment Stack 
Pointer 

FDECSTP = Decrement Stack 
Pointer 








Optional 

8,16 Bit 

Displacement 


Clock Count Range 

27-55 

10-17 
10-17 

30-540 

250-800 
310-630 
900-1100 
700-1000 

2 ' 8 

2-8 
10-16 
7-14 
12-18 
12-18 

2-8 

40-50 

35-45 

205-215 

205-215 

6-12 
6-12 

210920-21 


ESCAPE 1 


11 110 10 











ESCAPE 1 


11 10 000 


1 








ESCAPE 1 


T 1 10 











ESCAPE 1 


1 1 t 1 1 











ESCAPE 1 


11 110 1 


1 








ESCAPE 1 


11 110 











ESCAPE 1 


11 110 


1 








ESCAPE 1 


11 1110 1 








ESCAPE 1 1 


1 1 1 1 


' 








ESCAPE 1 1 


1110 10 











ESCAPE 1 1 1 


11 10 











ESCAPE 1 


MOD 1 1 R/M 


DISP | 










ESCAPE 1 


MOD 1 1 1 R/M 


DISP ■ ' . 










ESCAPE 10 1 


MOD 1 1 1 R/M 


DISP ; 










ESCAPE 11 


11 10 1 











ESCAPE 1 


MOD 1 1 R/M 




DISP • 


DiSP | 


ESCAPE 1 


MOD 10 R/M 












ESCAPE 10 1 


MOD 1 1 R/M 




DISP | 










ESCAPE 1 1 


MOD 10 R/M 




DISP | 


ESCAPE 1 


11 110 11 


1 








ESCAPE 1 


1 1 110 11 


• ■ 
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Table 6. 80287 Extensions to the 80286 Instruction Set (Continued) 



FFREB - Free ST(i) 
FNOP - No Operation 






Clock Count Range 
9-16 

10-16 

210920-22 


| ESCAPE 1 1 


110 ST(i) | 






| ESCAPE 1 


11 1 | 



NOTES: 

1 . if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high; disp-low 
if mod = 1 1 then r/m is treated as an ST(i) field 

2. if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA - (BX) + (Dl) +DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) 4- (Dl) +DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP 
if r/m = 111 then EA = (BX) + DISP 
•except if mod = 000 and r/m =110 then EA = disp-high; disp-low. 

3. MF = Memory Format 

00— 32-bit Real 
01— 32-bit Integer 
10— 64-bit Real 
11— 16-bit Integer 

4. ST(0) = Current stack top 

ST(i) = i* h register below stack top 

5. d = Destination 

0— Destination is ST(0) 
1— Destination is ST(i) 

6. P = Pop 

0— No pop 
1— PopST(O) 

7. R = Reverse: When d = 1 reverse the sense of R 

0— Destination (op) Source 
1— Source (op) Destination 

8. For FSQRT: -0 <; ST(0) <: + oo 

For FSCALE: -2™ <, ST(1) < +215 and ST(1) integer 
ForF2XM1: <; ST(0) <. 2-1 

For FYL2X: < ST(0) < oo 

-oo < ST(1) < +oo 
For FYL2XP1: £ IST(0)l < (2 - t/2)/2 

-oo < ST(1) < oo 
For FPTAN: <L ST(0) <. w/4 

For FPATAN: <> ST(0) < ST(1) < + oo 



9. ESCAPE bit pattern is 11011. 



DATA SHEET REVISION REVIEW 

The following list represents the key differences between this and the -006 80287 Data Sheet. Please review 
the summary carefully. 

1. The CLK speed table in the section entitled "SYSTEM CONFIGURATION WITH 80286" was modified to 
show the required CLK frequencies in the divide-by-3 mode (CKM = 0) for the 287 speeds tabulated. 

2. Obsolete components were replaced with readily available components in Figure 4A. 

3. In the AC TIMING REQUIREMENTS table, the timing symbols, Tavrl and T AV wl were reversed in order to 
match the parameter description. 
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^Qr 82258 

ADVANCED DIRECT MEMORY ACCESS COPROCESSOR 

(ADMA) 



High Performance 16 Bit DMA 
Coprocessor for the 80386, 80286 and 
80186 Families 

— 8 MByte/sec Maximum Transfer Rate 
in 8 MHz 80286 Systems 

Four Independently Programmable 
Channels 

Multiplexor Channel Capability to 
Support Up to 32 Subchannels 

On Chip Bus Interface for the Whole 
8086 Architecture 

— 80286 

— 80186/188 

— 8086/88 

Command Chaining for CPU 
Independent Processing 



Automatic Data Chaining for Gathering 
and Scattering of Data Blocks 

16 MByte Addressing Range 

16 MByte Block Transfer Capability 

"On the Fly" Compare, Translate and 
Verify Operations 

Automatic Assembly/Disassembly of 
Data 

Programmable Bus Loading 

6 and 8 MHz Speed Selections 

Available in 68-Pin LCC and PGA 
Packages 

(See Packaging Spec. Order #231369) 



INTRODUCTION 

Intel's 82258, Advanced Direct Memory Access Coprocessor is a high performance, 16 bit DMA processor 
optimized for the 80286, 80186 and the 8086 families of CPUs and compatible with 80386 CPU. It has on-chip 
bus interface for the whole 8086 family architecture. Four high speed, independently programmable DMA 
channels can achieve a maximum cumulative transfer rate of 8 MByte/sec in an 8 MHz 80286 system and 
4 MByte/sec in 8 MHz 8086/80186 systems. Channel 3 can be used as a Multiplexor channel, whereby, it 
supports 32 subchannels. This flexibility allows one to use a single DMA channel to handle a large number of 
slow and medium speed I/O devices. Advanced capabilities like Command and Data chaining and "On the fly" 
operations allow the 82258 to remove the I/O management load from the processor. The 82258 addresses 
the full 80286 CPU memory (1 6 MB for 80286), thus simplifying the system design. Automatic assembly/disas- 
sembly of data allows 16 bit processors to interface with common 8 bit peripherals and vice-versa. Remote 
mode of operation, where the 82258 has its own resident bus, allows modular system design. The 82258 
complements the high performance, multitasking capabilities of the 80286. 
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Figure 1. 82258 Internal Block Diagram 
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FABRICATION 

The 82258 is a 68 pin device, fabricated in Intel 
HMOS II technology. It is packaged in JEDEC type A 
hermetic leadless chip carrier and pin grid array. 



Pins of the 82258 have different definitions for differ- 
ent modes. 286 and remote modes have the same 
non-multiplexed bus structure and similar pin de- 
scriptions. Similarly, the 186 and the 8086 modes 
have multiplexed bus and similar pin description. 



PIN DEFINITIONS AND FUNCTIONS 

The 82258 has four operational modes 

— 286 

— 186— for the 80186/88 and the 8086/88 (Min. 
mode) CPUs 

— 8086— for the 8086/88 (Max. mode) CPUs 

— Remote 



PINNING IN THE 286 MODE 

In the 286 mode, the bus signals and the bus timings 
of the 82258 are the same as those of the 80286 
processor. The processor can access the internal 
registers of the 82258 and these accesses must be 
supported by the bus signals. Therfore, some of the 
bus control signals are bidirectional and some addi- 
tional bus control signals are necessary. 



Component Pad View - As viewed from underside of component P.C Board View - As viewed from the component side of the P.C. 
when mounted on the board board 
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Figure 2. Pin Configuration in 286 Mode 

3-83 



inteT 



82258 



Table 1. Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) 



Symbol 


Pin 


Identical 

In 
All Modes 








Type 

Input (I) 

Output (0) 


Number 


Functions 


BHE 


I/O 


1 


YES 


BUS HIGH ENABLE indicates transfer of data on the upper 
byte of the data bus, D1 5-D8. Eight bit devices assigned to 
the upper byte of the data bus would normally use BHE to 
condition chip select function. BHE is active LOW and 
floats to Tri-State OFF when the 82258 does not own the 

bus. 

BHE and AO Encoding 


BHE 
Value 


AO 
Value 


Function 





1 

1 




1 



1 


Word Transfer (D15-D0) 

Byte Transfer on upper half of data 

bus(D15-D8) 

Byte Transfer on lower half of data 

bus(D7-D0) 

Odd addressed byte on 8 bit 

bus(D7-D0) 


RD 


I 


2 


NO 


READ command in conjunction with chip select (CS) 
enables reading out of the 82258 register, addressed by 
the address lines A7-A0. RD is an active LOW signal and is 
asynchronous to the 82258 clock. 


WR 


I 


3 


NO 


WRITE command along with CS is used for writing into the 
82258 registers. WR is an active LOW signal and is 
asynchronous to the 82258 clock. 


DREQ3-DREQ0 


I 


4—7 


YES 


DMA REQUEST input signals are used for externally 
synchronized DMA transfers. If channel 3 is used as a 
Multiplexor channel, DREQ3 is defined as I/O Request 
(IOREQ) signal. These signals are active HIGH signals and 
are asynchronous to the 82258 clock. Unused DREQn 
lines should not be left floating, but should be tied inactive 
to Vss- 


CS 


I 


8 


NO 


CHIP SELECT is used to enable a processor to access the 
82258 registers. This access is additionally controlled 
either by bus status signals or by the Read or Write 
command signals. C§ is an active LOW signal, 
asynchronous to the 82258 clock. 


READY 


I 


10 


NO 


BUS READY terminates a bus cycle. Bus cycles are 


extended without limit until terminated by an active READY. 


READY is an active LOW, synchronous input, requiring set 
up and hold times relative to system clock to be met for 
correct operation. 


ST.SO 


I/O 


11,13 


YES 


BUS CYCLE STATUS signals control the support circuitry. 
The beginning of a bus cycle is indicated by S1 , or SO, or 
both going active. The termination of a bus cycle is 
indicated by all the status signals going inactive in the 186 
mode or the bus ready (READY) going active in the 286 
mode. Both §0 & SI are active LOW signals. SO, S1 along 
with S2 (in the 186 mode) or M/IO (in the 286 mode) define 
the type of bus cycle. J>2 and M/IO have the same meaning 
but, in the 1 86 mode S2 signal can be active only when at 
least one of S1 and SO is active, whereas in the 286 mode 
the M/IO signal is valid with the address on address lines. 
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Table 1. Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) (Continued) 





Pin 


Identical 




Symbol 


Type 




In 


Functions 




Input (I) 


Number 


All Modes 






Output (0) 
















The 82258 Bus Cycle Status Definitions 










(82258 Local Bus Master, All Signals (0)) 


M/iO 
orS2 


ST 


so 


Bus Cycle Initiated 











Read l/O-Vector 
















(For Multiplexor channel) 
















1 


Read from I/O space 













1 





Write into I/O space 













1 


1 


None. (Does not occur 
in the 186 mode). 










1 








None. (Does not occur) 










1 





1 


Read from memory space 










1 


1 





Write into memory space 










1 


1 


1 


None; not a bus cycle 


When the 82258 is not a bus master of the local bus, the 










status signals are used as inputs for detection of 










synchronous accesses to the 82258. 










Interpretation of the Status and CS Signals 










by the 82258 










(82258 Slave, All Signals (I)) 


CS 


S1 


so 


Interpretation 


1 


X 


X 


82258 not selected 
















(No action) 



















No 82258 access 
(No action) 
















1 


Read from an 82258 register 













1 





Write into an 82258 register 













1 


1 


Not a bus cycle* 


*: The 82258 is selected but no synchronous access is 










activated. The 82258 monitors RD and WR signals for 










detection of an asynchronous access. 


CLK 


I 


12 


NO 


SYSTEM CLOCK provides the fundamental system timing. It 
is divided by two to generate the 82258 internal clock. CLK is 
an active HIGH signal which can be connected directly to the 
82284 CLK output. The internal divide-by-two circuitry is 
synchronized to the external clock generator by a LOW to 
HIGH transition on the RESET input, or by first HIGH to LOW 
transition on the Status Input SO or ST after RESET. 


M/IO 





14 


NO 


MEMORY/10 SELECT distinguishes between memory and 
I/O space addresses. 


RESET 


I 


15 


YES 


SYSTEM RESET forces the 82258 to the initial state. RESET 
is an active HIGH signal and must be synchronous to the 
system clock. Reset must be activated for at least 1 6 CLK 
cycles. 
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Table 1. Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) (Continued) 



Symbol 


pin 


Identical 

In 
All Modes 


Functions 


Type 

Input (1) 

Output (0) 


Number 


HOLD 
HLDA 



1 


16 
1 ? 


NO 


BUS HOLD REQUEST AND HOLD ACKNOWLEDGE 

control ownership of the local 82258 bus. When active, 
HOLD indicates a request for the control of the local bus. 
HOLD goes inactive when the 82258 relinquishes the bus. 
HLDA, when active, indicates that the 82258 can acquire 
the control of the bus. When HLDA goes inactive, the 
82258 must relinquish the bus at the end of its current 
cycle. HLDA may be asynchronous to the system clock. 
Both HOLD and HLDA are active HIGH signals. 


D15-D0 


I/O 


18-25, 
27-34 


NO 


DATA BUS is the bidirectional 16 bit bus. For use with an 8 
bit bus, only the lower 8 data lines D0-D7 are relevant. The 
data bus is active HIGH. 


A0-A7 


I/O 


35-42 


NO 


ADDRESS LINES A0-A7 are the lower 8 address lines for 
DMA transfers. They are also used to input the register 
address when the processor accesses an 82258 register. 
All lines are active HIGH. 


A8-A23 


o 


44-59 


NO 


ADDRESS LINES A8-A23 form the remainder of the 
82258 address bus. Address bus is active HIGH. PinA21 
must have a pull-up resistor (n 10k SI) connected to It 
to ensure that It Is high during reset 


DACK0-DACK3 


o 


61-64 


YES 


DMA ACKNOWLEDGE signal acknowledges the requests 
of the corresponding DREQ signal. DACKi goes active 
when the requested transfers are performed on the 
channel i in response to a DREQi r If channel 3 is in the 
multiplexor mode, DACK3 is defined as I/O acknowledge 
(IOACK). These signals are active LOW. 


EOD0-EOD3 


I/O 


65-68 


YES 


END OF DMA signals are open drain drivers with internal 
high impedance pull up resistors (an external pull-up 
resistor is required) and can be used as quasi-bi-directional 
lines. These signals are active LOW. 
As OUTPUTS the signals are activated (if enabled) for two 
T-STATE cycles at the end of the DMA transfer of the 
corresponding channel or they are activated under 
program control (End of DMA output or interrupt output). ; 
EODs acts as "End of DMA" level triggered INPUTS if the 
signals are held high internally but forced low by the 
external circuitry for at least 250 ns. The current transfer is 
aborted and the 82258 continues with the next command. 
EOD2 can also be used as a common active high interrupt 
signal (I NTOUT) for all four channels. In this mode, this 
signal is a push-pull output and not an open drain output. 
Other EODi pins may still be used in their regular I/O mode. 


v S s 


1 


9,43 


YES 


SYSTEM GROUND: Volt. 


Vcc 


• ...■* 


26,60 


YES 


SYSTEM POWER: + 5V Power Supply Pin. 
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PINNING IN THE 186 MODE 

The 80186 has a multiplexed bus structure. Therefore, many 82258 pins have different meaning in the 186 
mode than in the 286 mode. Since the 80186 has 20 address lines compared to 24 for the 80286, the 4 extra 
lines are used to generate additional bus control signals. The following table gives the details of pins having 
different meaning in the 186 mode compared to the 286 mode: 



Component Pad View -As viewed from underside of component 
when mounted on the board 



P.C Board View - As viewed from the component side of the P.C. 
board 
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Figure 3. Pin Configuration in the 186 Mode 
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Table 2. Changes in Pin Description in the 186 Mode: (Compared to the 286 Mode) 



Symbol 


Pin 








Type 

Input (1) 

Output (0) 


Number 


Functions 


RD.WR 


I/O 


2,3 


READ, WRITE In the 1 86 mode, the RD & WR pins are used 
additionally as output pins to support the 801 86 or the 8086 
minimum systems. These signals are active LOW. 


ALE 


o 


58 


ADDRESS LATCH ENABLE signal provides a strobe to separate 
the address information on the multiplexed address-data lines. 
ALE is an active HIGH signal. 


DEN 





56 


DATA ENABLE signal is used for enabling the data transceiver, 
8286/8287. DEN is an active LOW signal. 


DT/R 





57 


DATA TRANSMIT/RECEIVE signal controls the direction of data 
flow through the external data bus transceiver, depending on 
whether a read, or a write bus cycle is performed. This pin must 
have a pullup resistor connected to it to ensure that it is high 
during reset 


SREADY 


1 


10 


SYNCHRONOUS READY input signal must be synchronized 
externally. Use of this pin permits a relaxed system arid timing 
specification by eliminating the clock phase, required for resolving 
the signal level, when using AREADY input. SREADY is an active 
HIGH signal. 


CLK 


1 


12 


SYSTEM CLOCK input gets a prescaled signal from the 1 86 
clock (CLKOUT) or the 8086 clock (50% duty cycle for 1 86 and 
33% duty cycle for 8086). No internal prescaling is done. CLK is 
an active HIGH signal. 


S2 





14 


STATUS SIGNAL along with 56 and ST provides the bus cycle 
description (for details see 286 mode pin description of SO and 
ST). 


AD0-AD15 

A0-A7 
A8-A15 


I/O 

I/O 



18-25 
27-34 
35-42 
.44-51 


ADDRESS/DATA BUS signals AD0-AD1 5 contain multiplexed 
lower address and data information. Also, the demultiplexed 
address information is available on address pins A0-A1 5. 


A16/S3-A19/S6 





52-55 


ADDRESS PINS A16-A19 are multiplexed with additional status 
information on the bus cycle. These pins are active HIGH. 
Signals S5 and S6 provide information on the status of the bus 
cycle. During an active bus cycle, S6 is always high and S5 always 
low. Low S6 implies a processor bus cycle. 
Signals S4 and S3 give the channel number for the running bus 
cycle as follows: 


S4 


S3 


Channel Number 




1 
1 



1 

1 



1 
2 
3 


AREADY 


1 


59 


ASYNCHRONOUS READY is an asynchronous bus ready signal. 
The rising edge is internally synchronised. During reset, AREADY 
must be low to enter the 82258 into the 1 86 mode. AREADY is an 
active HIGH signal. 
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PINNING FOR THE 8086 MODE 

For the 8086 MIN configuration the pinning is identical to the 186 mode. For the 8086 MAX configuration, the 
bus arbitration is done via the RQ/GT protocol. Otherwise, the function of pins is identical to the 186 mode. 
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Figure 4. Pin Configuration in the 8086 (Max) Mode 



Table 3. Changes in Pin Description in the 8086 (Max) Mode 

(Compared to the 186 Mode) 



Symbol 


Pin 


Functions 


Type 

Input (I) 

Output (O) 


Number 


RQ/GT 


I/O 


16 


REQUEST/GRANT implements a one line communication 
protocol to arbitrate the use of the system bus; normally done 
via HOLD/HLDA. RQ/GT is an active LOW signal having an 
internal pull-up resistor. 


HLDA 


. I , 


17 


HOLD ACKNOWLEDGE has no meaning in the 8086 (Max) 
mode. It should be tied high for mode recognition during reset. 
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PINNING IN THE REMOTE MODE 

In the remote mode, most of the signals have the same function as in the 286 mode. Exceptions are noted in 
the following table: 
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Figures. Pin Configuration in Remote Mode 
Table 4. Changes in Pin Description in the Remote Mode (Compared to the 286 Mode) 



Symbol 


Pin 


Functions 


Type 

Input (1) 

Output (O) 


Number 


CS 


1 


8 


CHIP SELECT .has two functions in the remote mode. As in 
the 286 mode, CS enables access to the 82258 internal 
registers. In addition CS works as an Access Request Input. 
When forced LOW, it signals to the 82258 that another bus 
master needs access to the local bus of the 82258. The 
82258 releases the bus as soon as possible and signals it to 
the CPU by activating BREL (Bus Release) output. CS is an 
active LOW signal. 


BREL 


/";' O 


14 


BUS RELEASE signal is used to indicate when the 82258 
releases cbhtroi of the resident bus. 


HOLD 
HLDA 





16 
17 


HOLD & HOLD ACKNOWLEDGE signals are used 
only for access to the system bus. They are connected to the 
bus arbiter (ire., 82289). Resident bus accesses are directly 
executed without the HOLD/ HLDA sequence. 
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FUNCTIONAL DESCRIPTION 

The 82258 is an advanced DMA coprocessor for the 
8086 family architecture. In addition to providing 
high speed DMA transfers (8 MByte/sec in an 
8 MHz 80286 and 4 MByte/sec in 8 MHz 80186/86 
systems), the 82258 takes I/O processing load off 
the CPU, thus improving overall system perform- 
ance. The 82258 has advanced features not found 
in the previous generation DMA controllers: multiple- 
xor channel, command & data chaining and 'on the 
fly' data manipulation operations. 



MODES OF OPERATION 

The 82258 has a number of different modes of oper- 
ation based upon its coupling with the CPU (tight or 
loose) and its adaptive on-chip bus interface (the 
286 bus or the 186 bus). 

Figure 6 shows the different operating modes of the 
82258 and the CPUs it can interface with in those 
modes. Figure 7 shows how to configure the 82258 
into these different modes. 



LOCAL MODE 

In this mode the 82258 shares the local bus and all 
the support/control devices with the CPU. Because 
of its on-chip bus interface, the 82258 can be direct- 
ly coupled to the whole 8086 family of microproces- 
sors. 



BUS INTERFACE 



NON-MULTIPLEXED 
BUS 



MULTIPLEXED 
BUS 



LOOSE 
(REMOTE MODE) 



TIGHT 
(LOCAL MODE) 



80386 
80286 
80186 
80188 
8086 
8088 


DOES 
NOT 
EXIST 


80286 
(286 MODE) 


80186 
80188 

8086 

8088 

(186/86 MODE) 
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Figure 6. Operating Modes for the 82258 
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Figure 7. Selecting Modes of Operation 
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286 System 

The configuration in Figure 8 shows the 82258 in the 
local mode (286 mode) in an 80286 system which 
includes the Numeric Processor Extension, 80287. 
The 286 mode is selected during reset (Figure 7). In 
this mode the 82258 supports the non-multiplexed, 
pipelined 286 bus. The DMA coprocessor resides on 
the processor's local bus (physical pins of the 
80286) and shares all the support circuits: latches, 
tranceivers, bus controller and arbiter, clock genera- 
tor etc. By residing on the 286 bus, the 82258 
achieves maximum data transfer rate; up to 8 
MByte/sec at 8 MHz for single cycle transfer. 
HOLD/ HLDA protocol is used for bus exchange be- 
tween the 80286 and the 82258. The 82258 can be 
programmed to handle both internal and external 
terminate conditions. Internal termination is pro- 
grammed in the command block (in type 2 command 
as explained later). External termination is handled 
by the EOD (end of DMA) pins if they are enabled. 
Interrupts for the CPU are handled by an interrupt 
controller ( e.g. 8 259A) which receives the end of 
DMA pins (EOD 0-3) as interrupts. The multiplexor 
channel uses external 8259As to prioritize and arbi- 
trate service requests between peripherals (Figure 
13). 

To link this system to the MULTIBUS® bus architec- 
ture another set of latches, tranceivers, bus control- 
lers and a bus arbiter (i.e., 82289) as shown in Fig- 
ure 1 1 (for remote mode configuration) are needed. 



186/188 (8086/8088 Min) Systems 

The 82258 can be configured into the 186 mode dur- 
ing reset (Figure 7). In this mode it supports the 
80186 and the 8086 (Min) processors. It can be pro- 
grammed to support the 80188 and the 8088 (Min) 
by programming the bus width in General Mode 
Register (GMR). Figure 9 shows the 82258 used in 
an 80186 system containing the 8087 numeric co- 
processor. This system uses the 8086 bipolar sup- 
port components: latches, transceivers and the bus 
controller (8288). The Integrated Bus Controller 
(82188) links the 80186 to the 8087. The 82188 is 
also used to support the 82258, since the 80186 has 
only one set of bus exchange signals (HOLD/ 
HL DA). A n interrupt controller (8259A) processes 
the EOD signals for the CPU. 

In the 186 mode, the 82258 directly supports the 
80186/ 8086 bus with 16 address bits internally mul- 
tiplexed into the data lines ( AD 1 5- ADO). The address 
pins A19-A16 are multiplexed with the status lines 
S6-S3. The address pins A22-A20 (in the 286 mode) 
are used Jo generate the control signals ALE, DEN 
and DT/R (in the 186 mode). The A23 pin (in the 
286 mode) serves as an asynchronous ready input 
AREADY (in the 186 mode). As a master in the 186 



mode, the 82258 offers address lines A15-A0 as 
latched outputs and shares all the 186/8086 support 
components with the processor. 

8086/88 Systems 

The 82258 is configured into the 8086 mode during 
reset (Figure 7). In this mode the 82258 supports 
8086/68 in the maximum mode and uses the 
RQ/GT protocol for the processor - DMA coproces- 
sor bus exchange. The 8087 can be supported in the 
system without requiring the integrated bus control- 
ler, 82188. To support the 8088 system in the maxi- 
mum mode, the General Mode Register is pro- 
grammed for 8 bit bus width. Figure 10 shows the 
82258 in an 8086 system containing the 8087. The 
system configuration is very similar to the 80186 
system in Figure 9. 

REMOTE MODE 

The 82258 is configured to be in the Remote Mode 
(Figure 7) by programming the General Mode Regis- 
ter (RM bit), after putting the 82258 in the 286 mode 
during the reset. The 82258 has the bus timings and 
signals compatible to the 286 bus. 

In the remote mode, the ADM A can access two 
16 MByte address spaces normally called the resi- 
dent space and the system space. The ADM A does 
not distinguish between accessing an I/O device 
and accessing a memory in the remote mode, so 
either peripheral or memory can belong to either of 
the two spaces. 

In the remote mode, the 82258 is the sole local bus 
(resident bus) master and interfaces to the proces- 
sor through the system bus (using a bus arbiter). 
Therefore, the 82258 can work in parallel with the 
processor. The remote mode is useful for a modular 
I/O subsystem. 

Figure 1 1 shows the 82258 configured in the remote 
mode of operation. The peripherals interface to the 
82258 on the resident bus. The resident bus compo- 
nents are similar to the ones used for the 286 sys- 
tem. Additional support components are used to 
interface the 82258 to a system bus e.g. the MULTI- 
BUS. The 82258 communicates with the CPU 
(80286) over the system bus. 

Since the 82258 is the only master of the local/resi- 
dent bus, it can start the local bus cycles without any 
bus arbitration. For system bus accesses, a dead- 
lock can arise if: 

— The 82258 occupies the local bus to gain access 
to the system bus and 

— The CPU (80286) occupies the system bus to 
gain access to the 82258 (through its local bus) 
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Figure 10. 82258 in an iAPX 86 System 



To prevent this deadlock, for the system bus ac- 
cesses the 82258 does not occupy the local bus 
until it has the system bus. Therefore, in the remote 
mode, the 82258 initiates all system bus accesses 
(and only these) through the HOLD/HLDA protocol. 
The local bus arbitration (for the CPU) is done 
through the CS and the BREL lines. 



COMMUNICATION MECHANISMS 

CPU -> 82258 COMMUNICATION 

Communication from the CPU to the 82258 is two- 
fold: 

— Some 82258 registers receive the main com- 
mands from the CPU, through the slave interface 
of the 82258. Access to_the82258 is either syn- 
chronous (using CS, S1 , SO) or asynchronous 
(using CS, RD, WR; S1 = S2 = 1). 

— Most of the data is transferred via the control 
space in the memory in terms of organization 
blocks e.g. command blocks and multiplexor ta- 



ble. Control space can lie in the memory space 
or the memory mapped I/O space (system or 
resident space for the remote mode) and can be 
dynamically changed with every start channel 
command. 

The CPU communicates with the 82258 by deposit- 
ing data in the memory and into the on-chip registers 
of the 82258. The CPU can access the 82258 gener- 
al registers and status registers, and can start a 
channel by writing the proper command to the gen- 
eral command register (GCR). The 82258 will then 
read the data from the memory command block and 
set itself up. 

Slave Interface 

The siave interface of the 82258 is used by the CPU 
to access the 82258 internal registers. Although 
most of the CPU to 82258 communication is done 
through memory based data blocks, some direct ac- 
cesses to the 82258 registers are necessary. For 
example, during the initialization phase the general 
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Figure 11. 82258 In Remote Mode 



mode register (GMR) must be written to set up the 
82258 or, to start a channel the command pointer 
registor (CPR) and the general command register 
(GCR) must be loaded. During the system debug- 
ging phase, access to the 82258 internal registers is 
very important. 

The slave interface is enabled by the CS input and 
consists of the following lines: 

ST, 55 —Status Lines (inputs) 

RD,WR —Control Lines (inputs) 

A7-A0 —Register Address (inputs) 

D1 5-DO —Data Lines (inputs/outputs)-(for the 
286 and the remote modes) 

AD1 5- ADO —Address/Data Lines (inputs/out- 
puts)-(for the 186 and 8086 modes) 

In the 286 mode and the 186/86 mode, two types of 
accesses are possible: 

— synchronous access through the status lines Si 
and SO 

— Asynchronous access using RD and WR 



The register address must be supplied on the ad- 
dress pins A7-AQ, except for the synchronous ac- 
cess in the 186/86 mode. Address data lin^s AD7- 
ADO are used for the register address information in 
case of a synchronous access in the 186/86 mode. 

In the remote mode, a synchronous access is not 
possible as the 82258 has to release its local bus to 
enable the CPU to access its registers. On receiving 
an access request (CS input asserted), the 82258 
releases the local bus as soon as possible and sig- 
nals it by asserting the BR£L line. Only then ? can the 
CPU access the 82258 registers. 

82258 -> CPU COMMUNICATION 

The 82258 to the CPU communication is also two- 
fold: 

— Hard ware based communication, using one or 
rflore EQD lines as interrupt request lines to the 
CPU. The CPU can then read the status registers 
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(and the interrupt vector register for the multi- 
plexor channel) and service the interrupt. 

— Control space based communication: At the end 
of a DMA transfer, the 82258 writes the contents 
of the appropriate channel status register into 
the channel command block. Additionally, it may 
transfer some other information (e.g. the updat- 
ed source pointer) into the command status 
block. 

The 82258 updates its internal registers (e.g. the 
channel command pointer, the general status regis- 
ter etc.) for any CPU access. 

82258 — PERIPHERAL COMMUNICATION 

The DMA interface of the 82258 is used for its com- 
munication with the peripherals. It consists of three 
signal lines: 

DREQ —DMA Request 

DACK —DMA Acknowledge 

EOD —End of DMA 



DREQ and DACK control the externally synchroniz- 
ed DMA transfers. A burst of data is transferred for a 
continuous DMA request, as long as the request sig- 
nal is active. 

EOD lines, which are quasi-bidirectional, enhance 
the 82258— Peripheral communication link. First 
these can be used as inputs to the 82258 to receive 
an asynchronous external terminate signal to termi- 
nate a running DMA. As outputs, they can be used to 
interrupt the CPU and/or to signal a specific status 
to the peripheral (e.g. transfer aborted or, end of a 
block or, send/receive next block..). In addition, the 
EOD output of channel 2 can be used as a collective 
interrupt output (INTO UT) f or all the DMA channels 
while the other three EOD lines retain their normal 
function. 

An EOD output signal can be generated synchro- 
nous to a synchronising device at the last data trans- 
fer or, synchronous to the internal clock at the last 
destination cycle. An EOD can also be generated 
asynchronously through a Type 2 command. 

BUS ARBITRATION 

HOLD/HLDA Sequence 

These signals are used for the bus arbitration in the 
286 mode and the 186/88 (8086/88 Min.) mode. 
Whenever the 82258 needs the bus, it activates the 
HOLD signal and the processor surrenders the local 
bus as soon as possible by asserting HLDA. The 
82258 performs the transfer and switches the HOLD 
to low. The processor takes the bus and switches 



the HLDA to low. To force the 82258 to surrender 
the bus, the HLDA must be set to low. The 82258 
will release the bus after the currently running bus 
cycle or the unseparable bus cycles. Unseparable 
bus cycles are: 

— The two IO acknowledge bus cycles for the 
8259A PIC. 

— Word transfers on odd boundary addresses, real- 
ised by two bus cycles where each transfer is a 
byte. 

— Fetch of 24 bit address pointers out of the memo- 
ry or restore of the pointers. 

— Read- modify- write the 8259A mask registers. 

The 82258 signals the surrendering of the bus by 
floating the bus and removing the HOLD signal. If 
requests for bus cycles are present, the HOLD will 
go active after a delay of two T-states. 

RQ/GT Sequence 

RQ/ST protocol is used for the 8086/88 (Max.) 
Mode. The 82258 requests the bus by sending a 
reguest pulse of one CLK period length, via the RQ/ 
GT signal, to the processor. The processor acknowl- 
edges it with a pulse on the same line. Then the 
82258 controls the bus. When surrendering the bus, 
it sends a release pulse on the RQ/GT line. 



CS/BREL Sequence 

This is used in the remote mode along with the 
HOLD/HLDA signals. HOLD/HLDA are used for 
system bus arbitration and CS/BREL for local bus 
arbitration (to allow the CPU to access the 82258 
registers or the resident bus). The CPU asserts the 
CS signal to ask for the local bus and the 82258 
releases the bus as soon as possible by activating 
BREL. Afterjhe CPU has completed its access, it 
should set CS high. The 82258 deactivates BREL 
and proceeds with its own bus cycles on the local 
bus. 

NOTE: 

When the 82258 is not in possession of the bus, all 
output signals are tristated except the foll owing: 

HOLD ( excep t i n the RQ/GT protocol), DACK0- 

DACK3, EOD0-EOD3, 

BREL (remote mode) and ALE (186 mode) 



CHANNEL CONFIGURATION 

The 82258 has four independently programmable 
DMA channels with their own register sets. All chan- 
nels can be used as high speed selector channels 
for achieving maximum transfer rate or channel 3 
can be used as a multiplexor channel to allow the 
82258 to interface to a large number of I/O devices. 
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Figure 12. 82258 Channel Configuration 

The selector channels support synchronised and 
non synchronised transfers as well as advanced fea- 
tures like single cycle transfer, command and data 
chaining. Channel switching imposes no perform- 
ance penalty on the 82258. Programmable priority 
schemes allow flexible multiple channel processing. 



MULTIPLEXOR CHANNEL 

Channel 3 of the 82258 can also be operated as a 
multiplexor channel supporting up to 32 subchan- 
nels. External 8259As are used to arbitrate and pri- 
oritize channel requests (Figure 13). Multiplexor 
channel allows command chaining but data chaining 
is not supported. 

As a multiplexor channel, channel 3 uses an exter- 
nal multiplexor table (MT) in the memory to store 
separate command pointers and, the PIC (8259A) 
mask register locations for each device in that chan- 
nel. Each entry in the MT consists of 8 bytes; the 
first 4 give the command pointer for the subchannel 
and the second 4 the address of the mask register 
of the 8259A for that subchannel (Figure 14). 

After an I/O request from the 8259A, the 82258 
fetches an 8 bit vector (device number) from the in- 
terrupt controller (by the INT/lNTA mechanism), left 
shifts it by three and, uses that as an offset into the 
multiplexor table with that entry pointing to the cur- 
rent subchannel command block. The 8259A should 
be programmed for AEQI mode. 



Each subchannel can have a subchannel program 
or a command chain. The command chain must be 
terminated by a stop and mask command (as op- 
posed to a stop command for a selector channel). 
Three kinds of data transfers are possible: 

Byte/Word One byte/word is transferred per 
Multiplex: request. The source/destination 

pointer and the byte count fields 
of the command block are updat- 
ed. The command pointer is not 
advanced until the block transfer 
is terminated. Maximum cumula- 
tive data transfer rate of 275K 
Bytes/sec can be achieved for 
the channel. 

Single Transfer: Similar to the byte/word multplex. 
But, the command pointer is ad- 
vanced after each transfer, thus, 
executing command chaining. 




Figure 13. Multiplexor Configuration 
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Block Multiplex The whole command block is ex- 
Transfer: ecuted and a block transfer made 
upon receiving a request. Such 
transfer is necessarily free run- 
ning or non-synchronized and is 
carried out at a maximum speed 
of 4 MByte/sec in an 8 MHz 
80286 system. After termination, 
the command pointer is ad- 
vanced (command chaining). 

The type 2 commands have the same function as for 
the selector channels (Table 6). A subchannel is 
stopped with a stop and mask command which must 
occur at the end of a command block ch ain. T he 
82258 generates the interrupt (INTOUT) or EOD, if 



programmed. The 82258 automatically masks the 
request line on the 8259A by setting its mask bit. 
Thus no further requests can come from this sub- 
channel until it is enabled by the CPU. The 82258 
indicates the interrupted subchannel (vector) in the 
Multiplexor Channel Interrupt Vector Register 
(MIVR). The MIVR can be accessed by the CPU 
and, after reading the MIVR, the stop bit of the indi- 
cated subchannel is reset. If no channel 3 interrupt 
(EOD or programmed INTOUT) is enabled, the inter- 
nal interrupt flag is set by the stop and mask com- 
mand. Then the CPU checks the MIVR by polling, 
i.e., with each reference of this register, the CPU can 
read off the stopped subchannel vector that has the 
highest priority in queue until the NV (vector is not 
valid) bit in MIVR is set. 
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Figure 14. Multiplexor Table 
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DATA TRANSFER AND 
MANIPULATION CONTROL 

SINGLE CYCLE AND TWO CYCLE TRANSFERS 

The 82258 provides the flexibility to optimize the 
system design by allowing: 

— Highest speed DMA transfers in the single cycle 
transfer mode. In this mode bytes or words (16 
bits) are transferred directly from the source to 
the destination without storing the data in the 
82258 registers (Figure 15). The single cycle 
transfer mode does not, necessarily, mean one 
bus cycle for transfer (though most of the trans- 
fers require either a source or a destination data 
cycle only). Maximum single channel or multiple 
channel transfer rate of 8 MByte/sec. in an 8 
MHz 80286 system (4 MByte/sec in 8 MHz 
80186 systems) is achieved in this mode. 



In the single Cycle transfer mode, while the re- 
qu esting d evice is serviced (and addressed) us- 
ing DACK signal, the pointer to the other location 
(memory or I/O) is issued and its bus cycle exe- 
cuted by the 82258. it is the duty of the I/O de- 
vice to know whether the cycle is a read cycle or 
a write cycle and, to generate its command signal 
out of the bus command signals. 

Single cycle transfers mode is not allowed for the 
multiplexor channel. All single cycle transfer are 
externally synchronised and "On the fly" opera- 
tions are restricted (see Table 5). 

■ Maximum data manipulation operations in the two 
cycle transfer mode. The two cycle transfer mode 
does not, necessarily, imply two bus cycles, 
though most of the transfers consist of a fetch 
cycle from the source and a store cycle to the 
destination location. In this mode the source data 
is always stored in the 82258 registers before be- 
ing sent out to the destination. Although half as 
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Figure 15. Single/Two Cycle Transfer 
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fast as the single cycle mode, a number of "On 
the fly" operations e.g., translation, make this 
mode extremely versatile. The two cycle transfer 
mode also allows automatic assembly and disas- 
sembly of the data, i.e., the data can be read as 
one 16 bit word and written as 2 bytes or vice- 
versa. It is useful for linking the 8 bit peripherals 
to a 1 6 bit system and vice-versa. 

The two cycle transfer mode allows multiplexor 
channel operation and memory to memory trans- 
fers. Two special cases of two cycle data transfer 
are: 

Read Operation or, data transfer without a 
destination address (the data assembly regis- 
ter of the 82258 itself is the destination of the 
source data). Compare operations on the 
source data are possible (e.g. to test the 
status of a disk controller). 

Write Operation or, data transfer with no 
source address i.e., the source data is a byte 



or word constant (literal) in the data assembly 
register of the 82258 (loaded during the setup 
routine with a low word out of the source point- 
er field). The write operation can be used to 
erase a memory/peripheral data block (or pe- 
ripheral register) or to load it with a certain 
constant. 

CHANNEL COMMANDS AND COMMAND 
BLOCKS 

The 82258 controls the data transfer, with all its 
modifications, through the channel command 
blocks. These contain the channel command word 
and all the initial parameters for the data transfer 
execution. The channel start command from the 
CPU causes the 82258 to read the channel com- 
mand block, with all its parameters from the memory 
and, to load them into the internal channel registers. 
The channel registers that are loaded via the com- 
mand blocks are: CCR, SPR, DPR, BCR, TTPR, 



Table 5. Data Manipulation Operations 



Operation 


Single 
Cycle 


Two 
Cycle 


Byte/Word 
Multiplex* 


Block 
Multiplex* 


Bus Cycles Required** 


Masked Compare (Byte/Word) 

Verify 

Verify and Halt 

Verify and Save 

Translate 

Transfer w/o Source or Destination 

Command Chaining 
List Data Chaining 
Linked List Data Chaining 
Assembly / Disassembly 
Source Synchronization 
Destination Synchronization 
Free Running 


2 
N/A 
N/A~ 

2 

F 

F 


2 
2 
2 

F 
3 
1 


2 
N/A 
N/A 

F 

3 

1 


2 
2 
2 
F 
3 
1 


Operation Allowed 


Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 


Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 



* : The multiplexor channel can only run in the two cycle transfer mode. 

** : Actual number of bus cycles may vary depending upon address boundary, hardware wait state 

number, pointer modification direction etc. 
F : Fatal error is generated. 
N/A : Not Allowed 
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LPR/MTPR, MASKR and COM PR (see the register 
description for details on these registers). After ex- 
amining the channel command for programming er- 
rors, the data block transfer is executed if no errors 
are detected. After the transfer termination, the rea- 
son for the termination is displayed in a word in the 
channel command block (channel status). Optional- 
ly, the last values of the source and the destination 
pointers and the byte count register may also be 
written out to the command block (constituting a 
status block if enabled). The CPU should not access 
the channel's control space while the channel is ac- 
tive (not stopped). 

There are two basic types of channel commands: 

Type 1 Channel Command-— Data transfer Op- 
eration (Transfer Channel Command). 

Type 2 Channel Command— Control Operation 
(Organizational Channel Command). 



A complete channel program consists of at least 
one channel command block with a type one com- 
mand and one type 2 command (stop). 

Type 1 Channel Commands And Command 
Blocks 

A command block always specifies a data transfer 
operation. The type 1 channel command defines the 
task to be performed by the channel (see the chan- 
nel command register for details). Simple block 
transfer is specified by the short channel command 
block (Figure 16), which also allows data chaining. 
For more complex operations, the standard block is 
expanded by a command and a block extension, 
forming a long channel command block (Figure 16). 
The command block is always pointed at by the 
command pointer. Each channel has its own com- 
mand pointer. Enabling of the status block (a bit in 
the channel command extension) extends the long 
channel command block by a status field of 12 byte 
length. This status field is loaded by the 82258 after 
the termination of the block transfer (Figure 16). 
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Figure 16. Type 1 Command Block 
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Type 2 Channel Commands and Command 
Blocks 

The type 2 channel commands support the con- 
struction of channel programs by allowing opera- 
tions such as auto-initialization, conditional chaining 
or program controlled interrupts. Figure 17 shows 
the structure of the type 2 channel command blocks. 

The first word of the type 2 command block is the 
command and the second and the third may be an 
address. 

Most of the type 2 commands can be executed con- 
ditionally; only exception being the unconditional 
stop which on the multiplexor channel functions as 
the Stop and Mask command. The 4 termination 
conditions are given in the CSR. If more than one 
condition is specified, the conditions are ORed. A 
special flag in the command word (I flag) allows to 
invert the channel status register bits before they are 
compared with the termination conditions. Table 6 
gives the list of the different type 2 channel com- 
mands. 

The type 2 commands can also activat e a pr ogram 
controlled interrupt (INTOUT) and/or an EOD signal 
during the execution of a command (controlled by 
the E D and the IT flags). In the ty pe 2 command, the 
EOD i s an asynchronous EOD (compared to the 
type 1 EOD which is synchronous to the last data 
transfer). If the ED or the IT flag is set, the signal 
generation is unconditional, independent of the con- 
dition code. 



Table 6. Type 2 Channel Commands 



Command 



Relative Jump* 
Absolute Jump* 
Unconditional Stop 
(Stop and Mask Subchannel 

for multiplexor channel) 
Conditional Stop** 



: Both conditional or unconditional 

: The 82258 does not check if a selector channel only 
type 2 command is used on the multiplexor channel, 
but its execution will lead to erroneous channel 
processing. 
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Figure 17. Type 2 Command Block 
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COMMAND AND DATA CHAINING 

Command Chaining 

The 82258 allows chaining of the command blocks in the memory, for any channel, for sequential execution. 
Figures 16 and 17 show channel command blocks and Figure 18 shows the examples of cbmmahd chaining. 
The 82258 gets the address of the command block from its on-chip command pointer (initialized by the CPU) 
and starts executing. When it comes to the end of one command, it automatically starts to fetch arid execute 
the next command block until a stop command is found. Conditional and unconditional STOP and JUMP 
commands allow complex sequences of DMAs to be performed. 

Command chaining allows the 82258 to do CPU indepedent I/O processing, thus, saving valuable CPU time. 
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Figure 18. Command Chaining 
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Data Chaining 

Data chaining allows gathering and scattering of data blocks. The 82258 permits automatic, dynamic linking of 
the data blocks scattered in the memory. Each data block in a chain can be up to 64K bytes. Two types of data 
chaining are allowed: 

List Chaining: The chained data block descriptors are contiguous in a block which forms the data chain list 
(Figure 19). End of the chain is indicated by making the byte count field zero in the data chain list. List chaining 
is fast (1 microsecond between completion of one block transfer and going to the next element in the list, in an 
8 MHz 80286 system) but not very flexible. 
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Figure 19. Destination List Chaining of Data 
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Linked List Chaining: Each list element which describes a particular data block (location and length) also 
holds a pointer to the next list element to be processed (Figure 20). End of the chain is indicated by making the 
byte count field zero in the linked list. 

Linked list chaining is slower than the list chaining but the data blocks can be included, removed or, their 
sequence altered dynamically, through the link pointer manipulation by the CPU. 
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"ON THE FLY" OPERATIONS 

The 82258 allows various data manipulation opera- 
tions during the transfer: 



Mask and Compare 

Allows comparison of each byte, word or bit field 
(masking) in source data with some given pattern. 
Data transfer can be terminated on a match or a 
mismatch depending upon the program. This is pos- 
sible both for the single and the two cycle transfer 
modes but, the transfer rate is halved in the single 
cycle mode. 

Verify 

No data transfer is performed, but the complete 
source data block is compared with a given data 
block. The data conversion can be terminated on 
mismatch (Verify and Halt). Supported only for the 
two cycle transfer mode. 



Verify and Save 

The data block is transferred from source to destina- 
tion and in parallel compared with a given data 
block. The data transfer is not stopped on a mis- 
match. This operation is supported only for the sin- 
gle cycle transfer. 



Translate 

The source data (bytes) is translated with the aid of 
a translation table (Figure 21) before being sent to 
the destination. Translation is supported for the two 
cycle transfer mode only. If the destination is 16 bits, 
the two translated source bytes are assembled in 
the DAR before the destination cycle is executed. 

Various 'on the fly' operations can be combined to 
allow the 82258 to perform versatile DMA opera- 
tions. 




SOURCE 
BLOCK 



TRANSLATE 
TABLE 
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DESTINATION 
BLOCK 



Figure 21. Translate Operation 
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PRIORITY CONTROL 

The 82258 controls concurrent processing of its dif- 
ferent channels (and subchannels) and, the internal 
and the external requests through a flexible priority 
scheme. 

The PRI bits in the GMR are used to select the prior- 
ity scheme which can be fixed or variable or a com- 
bination of the two (see the GMR description for the 
details). The unseparable bus cycles (e.g„ 24 bit 
pointers) are not affected by the priority rotation. Ex- 
ternal 8259As determine the priorities for the multi- 
plexed subchannels. 

The processing of the internal or the external re- 
quests is controlled by a fully nested priority system 
including all four channels. Since more than one re- 
quest can compete for the same channel, the re- 
quests are also prioritised in relation to their types as 
follows (in descending order of priority). 

— Channel Stop (Command from the CPU out of the 
GCR) 

— External asy nchronous termination request 
(through EOD) 

— Internal continue request on previously interrupt- 
ed sequence 

— Start or stop subchannel or multiplexor channel 

— Internal (without synchronization) or external 
(with synchronization) data service request or 10 
request for the multiplexor channel 

— Channel wait (idle) 

Data chaining and internal termination belong to the 
data service request processing, command chaining 
belongs to the termination processing. 

Slave operations, where the 82258 is addressed by 
the CPU, have the highest priority of all the activities. 

ADDRESSABILITY 

The 82258 has two address spaces like the 80286, 
the 80186/188 and the 8086/88 processors: 

— Memory space 

— I/O space 



Both the spaces are 16 MByte large for the 286/re- 
mote mode and 1 Mbyte for the 186/8086 mode. All 
types of transfers are possible: 

— Memory/Memory 

— I/O / I/O 

— Memory/I/O 

— I/O / Memory 

Either of the memory or the peripheral can lie in ei- 
ther of the two spaces. Each space can be indepen- 
dently 8 bit or 16 bit wide. All possible Even-Odd 
boundary address combinations are supported for 
the data transfer from source (8 bit or 16 bit) to des- 
tination (8 bit or 16 bit) in the two cycle transfer 
mode. The source and the destination pointers can 
be incremented, decremented or not modified at all 
(INC/DEC bits of type 1 channel command in the 
CCR) after the corresponding data bus cycle. The 
82258 does not indicate or check an 'address out of 
range' condition. Address overflow and underflow 
during a block transfer results in an address wrap 
around. Maximum length of the data block can be 1 6 
MBytes in an 80286 system. In the 186/86 mode the 
maximum byte count is (1M-1). This is not checked 
by the 82258. 

SYNCHRONIZATION OF DATA TRANSFER 

The 82258 allows both the external synchronization 
of a DMA transfer (from a source or a destination 
device) or a free running DMA (internally synchroniz- 
ed). 

The external synchronization allows control of input/ 
output operations in the cycle of the peripheral de- 
vice, hence occupying the bus only when the periph- 
eral is able to receive or transmit data. 

Free running DMA (no external synchronization) is 
used for the memory to memory transfers, during a 
continuous DMA request or, in the block multiplex 
subchannel after the channel start. It is not support- 
ed for the single cycle transfer mode. 



3-108 



irrtel* 



82258 



286 PROTECTION 

The 82258 needs special consideration to operate in 
an 80286 system in the protected mode. The 82258 
works only with the real addresses but it supports a 
protected mode 80286 system if the following condi- 
tions are fulfilled: 

— The 286 kernel software must check all the pro- 
tection rules during the set up routine for the 
82258 and perform the limit checks for the block 
transfers.. This is supported by the 80286 instruc- 
tions e.g. VERR (verify Read Access), VERW 
(verify Write Access), LSL (load Segment Limit). 

— The 286 kernel has to translate the logical ad- 
dresses into the physical addresses. 

— All the 82258 registers should be memory 
mapped and access to them should be allowed 
only for a 286 kernel routine (task isolation). 

Normally an I/O utility routine is provided by the op- 
erating system to service the 82258. No direct user 
access should be allowed to the 82258 from the 
lower privilege levels. The real addresses can be 
generated only by using the 286 protection mecha- 
nism and are so checked against any protection vio- 
lation. 



82258 REGISTER MODEL 

The 82258 has three sets of registers (Figure 22): 

General Registers 
Channel Registers 
Multiplexor Channel Registers 

All registers can be read or written into by the CPU 
but, most are accessed only for the test purposes. 
The CPU loads some registers (e.g. General Mode 
Register) during the initialization after the reset, and 
others during the invocation of a channel (General 
Command Register). Some of the channel registers 
are programmed or read by the CPU but most of 
them are loaded by the 82258 itself during the setup 
routine after a channel start. All accessible registers 
can be accessed bytewise or wordwise by the CPU. 



Figure 23 gives a layout of the registers. Note that all 
registers lie on even addresses. 





GENERAL REGISTERS 
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GSR 
GMR 


STATUS 


MODE 
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COMMAND POINTER 


SOURCE POINTER 


DESTINATION POINTER 


TRANSLATE TABLE POINTER 
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ASSEMBLY/ DISASSEMBLY 
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Figure 22. 82258 Register Set 
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Address Bits 

5-0 
(hexadecimal) 


00 


Address Bits 7,6 


Address Bits 

5-0 

(binary) 


01 


10 


11 



2 
4 
6 
8 
A 
C 
E 


GCR 

SCR 

GSR 
RESERVED 

GMR 

GBR 

GDR 
RESERVED 


RESERVED 


RESERVED 


RESERVED 


000000 
000010 
000100 
000110 
001000 
001010 
001100 
001110 


10 
12 
14 
16 
18 
1A 
1C 
1E 


CSRO 
DARO 
MASKRO 
COMPRO 

RESERVED 


CSR1 
DAR1 
MASKR1 
C0MPR1 

RESERVED 


CSR2 
DAR2 
MASKR2 
C0MPR2 

RESERVED 


CSR3 

DAR3 

MASKR3 

C0MPR3 

MIVR 

LVR 

RESERVED 


010000 

010010 

010100 

010110 

011000 

011010 ■ 

011100 

011110 


20 
22 
24 
26 
28 
2A 
2C 
2E 


CPRLO 

CPRHO 

SPRLO 

SPRHO 

DPRLO 

DPRHO 

TTPRLO 

TTPRHO 


CPRL1 

CPRH1 

SPRL1 

SPRH1 

DPRL1 

DPRH1 

TTPRL1 

TTPRH1 


CPRL2 

CPRH2 

SPRL2 

SPRH2 

DPRL2 

DPRH2 

TTPRL2 

TTPRH2 


CPRL3 , 

CPRH3 

SPRL3 

SPRH3 

DPRL3 

DPRH3 

TTPRL3 

TTPRH3 


100000 
100010 
100100 
100110 
101000 
101010 
10110Q 
101110 


30 
32 
34 
36 
38 
3A 
3C 
3E 


LPRLO 

LPRHO 
RESERVED 
RESERVED 

BCRLO 

BCRHO 

CCRLO 

CCRHO 


LPRL1 

LPRH1 
RESERVED 
RESERVED 

BCRL1 

BCRH1 

CCRL1 

CCRH1 


LPRL2 

LPRH2 
RESERVED 
RESERVED 

BCRL2 

BCRH2 

CCRL2 

CCRH2 


LPRL3/MTPRL 
LPRH3/MTPRH 
RESERVED 
RESERVED 
BCRL3 
BCRH3 
CCRL3 
CCRH3 


110000 
110010 
110100 
110110 
111000 
111010 
111100 
111110 



GCR = General Command Register 

SCR = Subchannel Register 

GSR = General Status Register 

GMR = General Mode Register 

GBR = General Burst Register 

GDR = General Delay Register 

CSR = Channel Status Register 

DAR = Data Assembly Register 

MASKR = Mask Register 

COMPR = Compare Register 

L = Low Word 

H = High Byte 

Figure 23. Layout 



MIVR = Multiplexor Interrupt Vector Register 

LVR = Last Vector Register 

CPR = Command Pointer Register 

SPR = Source Pointer Register 

DPR = Destination Pointer Register 

TTPR = Translate Table Pointer Register 

LPR = List Pointer Register 

MTPR = Multiplexor Table Pointer Register 

BCR = Byte Count Register 

CCR = Channel Command Register 

0, 1 , 2, 3 = Channel Number 

of Register Addresses 
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GENERAL REGISTERS 

These registers are common to all the channels. 

General Mode Register (GMR) 

This is the first register to be programmed after the reset since it describes the 82258 environment. Here the 
system wide parameters are specified. The 16 bit register is loaded bytewise with the low byte being pro- 
grammed first. 
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Figure 24. General Mode Register 
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General Status Register (GSR) 

This register provides the status information for ail the channels. It also shows which channels have interrupts 
pending and, where the channel control space lies. It is a 1 6 bit register. 
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Figure 25. General Status Register 
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General Command Register (GCR) 

GCR is an 8 bit register directly loaded by the CPU to start or stop a channel. The START command also 
defines the control space assignment. The pending interrupt from any channel is also cleared through the 
GCR. Any combination of channels can be addressed simultaneously. To start/stop a multiplexor subchannel, 
the subchannel number must be first loaded in the Subchannel Register (SCR). The Halt/single step com- 
mand is useful for the system debugging. 
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CHANNEL COMMAND 

000- NOP 

001 - CONTINUE CHANNEL (S) AFTER IT HAS BEEN STOPPED 
BY THE STOP COMMAND 

010 - START CHANNEL (S) - COMMAND BLOCK IN SYSTEM/MEMORY SPACE 

01 1 - START CHANNEL (S) - COMMAND BLOCK IN RESIDENT/IO SPACE 
100 -STOP CHANNEL (S) 

101 -START SUBCHANNEL (# IN SCR) 
110 -STOP SUBCHANNEL (# IN SCR) 

1 1 1 - HALT SINGLE STEP CHANNEL (S): START EXECUTION AND STOP 

AFTER NEXT COMMAND BLOCK HAS BEEN LOADED 

-► INTERRUPT COMMAND 



- NOP 

1 - CLEAR INTERRUPT (S) OF CHANNEL (S) 



-► CHANNEL SELECT 
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Figure 26. Generai Command Register 
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General Burst Register (GBR) 

This 8 bit register determines the maximum number 
of contiguous bus cycles that can be requested by 
the 82258. GBR = means unlimited contiguous 
bus cycles for the 82258. The GBR must be directly 
loaded by the CPU. 



General Delay Register (GDR) 

GDR is an 8 bit register which determines the mini- 
mum number of clocks between the 82258 burst ac- 
cesses. GDR = means no minimum delay be- 
tween the HOLD request. 



Burst/Delay Algorithm 

Both the GBR and the GDR do their actual counting 
through their respective counters the GBC and the 
GDC. For the burst and delay counters, the following 
rules apply: 

— Whenever the 82258 controls a bus cycle the 
burst counter is decremented by one but not be- 
yond zero. 

— Whenever the 82258, in the local mode, does 
not have the bus, the delay counter is decre- 
mented by one: every second T-state in the 286 
mode or, every fourth T-state in the 186 mode. 

— Whenever the delay counter is zero, the burst 
and the delay counters are loaded from the burst 
and the delay registers. 

— If the burst counter is zero (and no exception 
occurs), the 82258 releases the bus and the de- 
lay counter counts until it is zero. Then both 
counters are loaded from their corresponding 
registers and the 82258 can again request the 
bus by activating HOLD signal. Inseparable bus 
cycles are the exception to this rule. Counting of 
the burst is not prevented but surrendering of the 
bus is. 

— In the remote mode the burst and the delay are 
relevant only for the system bus cycles. The 
GBC is only decremented while the 82258 per- 
forms the system bus cycles and the GDC decre- 
ments when the 82258 does not control the sys- 
tem bus (idling or the resident bus cycles). 

CHANNEL REGISTERS 

Each of the four 82258 channels has these regis- 
ters. All the channel registers are loaded by the 
82258 from the memory except the Command Point- 



er (CPR) [Multiplexor Table Pointer (MTPR) & Sub- 
channel Register (SCR) for the channel 3 in the mul- 
tiplexor mode]. The initial contents of the registers 
are specified, by the CPU in the command blocks in 
the memory. 

Command Pointer Register (CPR) 

This 24 bit register contains the physical address of 
the command block. It must be loaded by the CPU 
before starting the channel. For the channel 3 in the 
multiplexor mode, the CPR is loaded by the 82258 
from the multiplexor table (MT) in the memory. 

Source Pointer Register (SPR) 

SPR is 24 bits and contains the physical address of 
the source (memory or I/O, system or resident 
space) in a DMA transfer. In the single cycle transfer 
mode, it contains the only address pointer (source or 
destination). 

Destination Pointer Register (DPR) 

DPR contains the physical address of the destina- 
tion (memory or I/O, system or resident space) in a 
DMA transfer. During Verify operations it contains 
the verify pointer (pointer to compare the data 
block). For the single cycle transfer mode, it is only 
used for the verify and save operation. It is a 24 bit 
register. 

Translate Table Pointer Register (TTPR) 

This 24 bit register is used to reference the translate 
table in the memory when the translate function is 
enabled in the channel command register extension 
(CCRX). 

List Pointer Register (LPR) 

LPR is used for data chaining (list and linked list) 
operation. It is a 24 bit register and points to the list 
element. In the multiplexor mode for the channel 3, it 
is used as the Multiplexor Table Pointer Register 
(MTPR). (Multiplexor mode does not support data 
chaining), 



Byte Count Register (BCR) 

BCR is a 24 bit register and contains the byte count 
for the DMA transfer. 
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Channel Command Register (CCR) 

CCR specifies the type of DMA transfer or the type 
of internal operation. The channel commands are 
contained in a channel command block. The 82258 
has two types of channel commands: 

— Type 1 for data movement 

— Type 2 for command chaining control 

The channel command register has three configura- 
tions: 

— Short Type 1 command: SYN field NE. 00 and 
ECX = 0. Upper 8 bits, i.e., Channel Command 
Register Extension (CCRX field), are not valid. 



Long Type 1 command: SYN field. NE. 00 and 
ECX = 1. All 24 bits are valid. 



— Type 2 command: SYN field 
(CCRX field) are not valid. 



00, Upper 8 bits 



Figure 27 shows CCR for Type 1 command and Fig- 
ure 28 has the CCRX (Channel Command Register 
Extension). Figure 29 shows CCR for type 2 com- 
mand. 
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SYN 


ECX 


EXT 


EOD 


SC 


LLC 


LC 


DESTINATION 


SOURCE 


W/B 


INC 


DEC 


M/IO 


W/B 


INC 


DEC 


M/IO 



LT 



SOURCE DESCRIPTION SPACE 

- I/O OR RESIDENT 

1 - MEMORY OR SYSTEM 



SOURCE POINTER 



00 - NO INC/DEC 

01 - DEC 

10 - INC 

1 1 - NO POINTER (CONSTANT VALUE) 



-► LOGICAL BUS WIDTH 

- 8 BIT 

1 - 16 BIT 



-> DESTINATION DESCRIPTION 
SAME AS SOURCE DESCR. 



-"► DATA CHAINING 

LLC LC 

NO CHAINING 

1 LIST CHAINING 

1 LINKED LIST CHAINING 
1 1 NOT ALLOWED 



-► SELECT CHAINING 

- DESTINATION CHAINING 

1 - SOURCE CHAINING 

(ALWAYS 1 FOR SINGLE CYCLE) 
w FOR MUX. CHANNEL: 
"^ TRANSFER CHAINING 



- TRANSFER IS SYNCHRONIZED 

1 - TRANSFER NOT SYNCHRONIZED 



_^ - DISABLE EOD OUTPUT 
"*■ 1 - ENABLE EOD OUTPUT 



_^ - DISABLE EXTERNAL TERMINATE INPUT 
"^ 1 - ENABLE EXTERNAL TERMINATE INPUT 



-► CHANNEL COMMAND BLOCK LENGTH 

- SHORT 

1 - LONG (WITH COMMAND EXTENSION) 



-► SYNCHRONIZATION 

00 - TYPE 2 COMMAND 

01 - SOURCE SYNC. 

10 - DESTINATION SYNC. 

1 1 - NO SYNC. (FREE RUNNING) 

-► FOR MULTIPLEXOR CHANNEL 

00 - TYPE 2 COMMAND 

01 - BYTE/WORD MULTIPLEX OPERATION 

10 - SINGLE TRANSFER OPERATION 

11 - BLOCK MULTIPLEX OPERATION 231263-24 



Figure 27. Type 1 Channel Command CCR 
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MATCH-COMPARE 

00 - DISABLED 

01 - EHABLE MISMATCH (BYTE/WORD) 

10 - ENABLE BYTE MATCH 

11 - ENABLE WORD MATCH 

VERIFY 

00 - NO VERIFY 

01 - VERIFY 

10 - VERIFY AND HALT (ON MISMATCH) 

11 - VERIFY AND SAVE 

TRANSLATE ENABLE 

- TRANSLATE DISABLED 

1 - TRANSLATE ENABLED 

ENABLE STATUS BLOCK 

- UPDATE IN CHANNEL COMMAND BLOCK DISABLED 

1- UPDATE ENABLED 231263-25 



















Figure 28. Channel Command Register Extension CCRX 
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CONDITION CODE 
BYTE COUNT ■ 



EXTERNAL TERMINATE 



BYTE/WORD 
MATCH/MISMATCH 

VERIFY MATCH 

INVERT 

INVERT CHANNEL STATUS 
BITS BEFORE COMPARING 
WITH CONDITION CODE 

GENERATE INTERRUPT 

-► GENERATE EOD PULSE 



•+ OPCODE 

00 - UNCONDITIONAL STOP 

STOP AND MASK FOR 
MUX CHANNEL 

01 - CONDITIONAL STOP 

10 - CONDITIONAL* JUMP 

RELATIVE 

1 1 - CONDITIONAL* JUMP 

ABSOLUTE 231263-26 



If all condition code bits are 1 , Jump becomes unconditional. 



Figure 29. Type 2 Channel Command CCR 
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Mask Register (MASKR) and Compare Register 
(COMPR) 

Both of these registers are 16 bit and are used dur- 
ing the match/ mismatch operation. For comparison 
with the transferred data, only those bit positions in 
the Compare Register which are not masked with 
1 's in the Mask register are considered. These two 
registers together allow byte, word of' bit level com- 
parisons. MASKR is also used during the verify oper- 



ations. MASKR and COMPR each should contain 
two identical bytes for Byte Match /Mismatch opera- 
tions. 

Channel Status Register (CSR) 

CSR, an 8 bit register, reflects the status of the 
channel. The least significant half byte is the termi- 
nation condition and the most significant half byte 
indicates fatal error, busy state and halted state. 
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DMA TERMINATION 


VER 
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ET 
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^ FLAGS SET ON DMA TERMINATION 

BC - BYTE COUNT EXCEED 

ET - EXTERNAL TERMINATE 

MA - MATCH/MISMATCH 

VER - VERIFY OPERATION ENDING IN MISMATCH 



SINGLE STEP HALT MODE 

CHANNEL OPERATING 
IN SSH MODE 



HALTED 

CHANNEL IN HALTED STATE 

FATAL ERROR 

FATAL ERROR HAS OCCURED 

BUSY* 

LAST SUBCHANNEL COMMAND TRANSFERRED 
IS PROCESSED 



* Valid only for channel 3 in multiplexor mode; zero otherwise. 



231263-27 



Figure 30. Channel Status Register 
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Data Assembly Register (DAR) 

This 16 bit register is used for automatic assembly/ 
disassembly of data. 



Mutiplexor Channel Registers 

These registers are valid only for channel 3, when 
used as a multiplexor channel. 



Multiplexor Table Pointer (MTPR) 

This register is used to reference the multiplexor ta- 
ble in the memory when channel 3 is programmed 
as a multiplexor channel. Since data chaining is not 
allowed for the multiplexor channel, the List Pointer 
Register (LPR) is used as the MTPR. MTPR is 24 bit 
and must be loaded by the CPU. 



Last Vector Register (LVR) 

LVR gives the last vector read by the 82258 (from 
the 8259A); In case of a fatal error stop of channel 3, 
LVR determines the guilty subchannel. LVR is an 8 
bit register. 



Subchannel Register (SCR) 

This register gives the 8 bit subchannel number for 
the general commands START/STOP Subchannel, 
It must be loaded by the CPU before a subchannel 
command is written into the GCR. MIVR limits the 
number of subchannels supported to 32 (5 bits). 



82258 OPERATION AND 
PROGRAMMING OVERVIEW 



Multiplexor Interrupt Vector Register (MIVR) 

This 8 bit register is used by the CPU to determine 
which channels are stopped. The vectors of the 
stopped subchannels are output in the priority order 
(0 has the highest priority) upon each reference of 
this register, until the NV bit is set. A maximum of 32 
vectors can be distinguished. 



INITIAL STATE 

Upon activation of the RESET signal: 

— all channels are disabled (by clearing the DMA 
status bits in the General Status Register) 

— all bus activities are stopped 

— all tristate signals are tristated and the others en- 
ter the inactive state 
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NV 





VECTOR 








i i 












VECTOR OF THE HIGHEST PRIORITY 
SUBCHANNEL STOPPED AND NOT YET READ 








- VECTOR IS VALID 

1 - VECTOR IS NOT VALID 

(NO CHANNEL STOPPED OR 
ALL VECTORS READ) 

231263-28 



Figure 31. Multiplexor Interrupt Vector Register 
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After the RESET signal becomes inactive, the 82258 
state gets defined: 

— it is in the 186 mode if A23 pin was low at the 
falling edge of RESET; otherwise it is in the 286 
mode 

— it is in the 8086 max (Request/Grant) mode if the 
1 86 mode is detected and HLDA pin was high at 
the falling edge of RESET; otherwise it is in the 
186/8086 Min. (HOLD/HLDA) mode. 

— The contents of the 82258 registers are as follows: 

• GMR: All bits are zero 

• GBR: Zero value 

• GDR: Zero value 

• GSR: — DMST bits for channels: OX 

(Stopped) 

— INT for all channels: (no interrupt 
pending) 

— S/R = (I/O or resident space) 

• All Channel Status Registers (CSR): Zero Values 

• MIYR: NV - 1 (Vector not valid) 

— Vector is all 1 , rest zero 

— All stop bits in matrix are reset 

• All other registers (GCR, LVR, SCR, CPRn, SPRn, 
DPRn, TTPRn, LPRn, BCRn, CCRn, COMPRn, 
MASKRn, MTPR) are undefined 

INITIALIZATION AND CHANNEL INVOCATION 

After RESET, the 82258 has to be initialized by the 
CPU. The General Mode Register (GMR) should be 
loaded first in the 16 bit systems; the lower byte of 
the GMR (which gives main configuration informa- 
tion) in the 8 bit systems. 

SYSBUS (MEMBUS) bit of the GMR determines the 
physical bus width of the CPU-82258 communica- 
tion. All register write and read operations are exe- 
cuted: 

— Bytewise on the lower half of the data bus 
(D7-D0), if SYSBUS (MEMBUS) = 

— wordwise on D15-D0 if SYSBUS (MEMBUS) = 
1 . Byte transfers are also possible here with the 
bytes being transferred on that half of the data 
bus which is addressed by the least significant bit 
of the register address. 

Internally the 82258 uses BHE and AO tp detect the 
effective transfer width of the 82258— QPU commu- 
nications. After the GMR, the General Burst Register 
(GBR) and the General Delay Register (GDR) 
should be programmed, if needed (Initial state = 
for both), by the CPU. 



Before a channel is invoked, the control space in the 
memory and the channel registers in the 82258 have 
to be initialized: 



Selector Channel Start 

Following conditions should be met: 

— channel program in the control space 

— - if data chaining enabled, the chaining list or the 
linked lists in the control space 

— if translate enabled, the translate table in the con- 
trol space 

— load the CPR with the start address of the chan- 
nel program 



Multiplexor Channel Start 

For the multiplexor channel operation, the following 
is essential: 

— - the multiplexor table MT in the control space with 
the subchannel command pointer and the mask 
register pointer of the associated 8259A for each 
subchannel 

— initialization of the 8259A's mask registers by 
masking off all the request inputs. In the remote 
mode, this can also be done by the data transfer 
operation on the selector channel (or by stop 
subchannel commands) 

— load MTPR with the base address of the multiple- 
xor table (MT) 

For the subchannel start 

— the subchannel program should be in the control 
space 

— if translate enabled, the translate table should be 
in the control space 

— the subchannel command pointer should be in 
the multiplexor table 

— read the multiplexor channel status register 
CSR3. Write a new subchannel number into the 
SCR only if BUSY bit = 0. 

In case of a normal channel start, the last CPU oper- 
ation is to write the general command into the GCR. 
Then the start will be processed by the 82258 ac- 
cording to the requested channel's priority, with the 
highest priority being processed first. If the ad- 
dressed channel is already active, the start com- 
mand is ignored. If I = 1 in GCR, the INTbit(s) of the 
indicated channel(s) will be erased in the GSR. 
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COMMAND EXECUTION 

Selector Channel: The command bits in the GCR 
give the commands available to a selector channel. 
Execution of the continue and the start commands is 
prioritized; the stop commands are executed imme- 
diately. The stop command forces the DMA status 
bit (DMST) in the GSR to channel inactive (stopped) 
without any additional routine. The continue com- 
mand works directly with internal stored register 
parameters and continues a previously stopped 
channel operation. The start commands define the 
location of the control space and initiate the set up 
routine. The halt command has multiple functions: 

— It forces the channel into the single step and halt 
mode, indicated by the SSH bit in the CSR 

— If the channel is running, it will be halted after the 
completion of the current command block execu- 
tion; the halted data is shown by the H bit of the 
CSR; the DMST bits of the GSR are not changed 

— If the channel is halted (or stopped) the halt/sin- 
gle step command starts the channel, and the 
channel will again be halted after the completion 
of the next command block execution (type 1 or 
2) 

The single step and halt mode is finished by a start 
or a continue command. After a channel start, first 
the general status reflected in the GSR is changed 
into 'DMA in organizational processing'. GSR also 
indicates the location of the control space (S/R bit). 
After the prioritization of the start command, the 
channel's set up routine is executed. 

After the set up routine execution, all the transfer 
parameters are accessible in the 82258 internal reg- 
isters. The SYN bits in the CCR decide: 

— if the channel activity is continued by an immedi- 
ate start of the data transfer (i.e., free running 
mode or an internal data transfer service request) 

— or the channel is waiting for a DMA request i.e., 
external synchronization mode. 

Multiplexor Channel: On the multiplexor channel, 
there are two cases: 

a. The whole channel has to be treated by a gen- 
eral command 

b. Only the addressed subchannel has to be 
treated by a general command 

a. In case of the whole channel, the commands are 
the same as the selector channel commands; 
Execution of the continue and the stop (stops 
whole channel) is the same. The channel 3 start 
command has only two functions: 



— specify whether the system/memory or the 
resident/IO control space has to be used on 
the multiplexor channel (S/R bit in GSR) 

-^change of the general status of the channel 3 
(DMST bits in GSR) into "Channel started but 
idling" thus, enabling the lOREQs and the 
Subchannel commands. 

The general channel command "Halt/Single 
Step" has a slightly different interpretation for 
the multiplexor channel. While the selector chan- 
nel can only be halted during the chaining of the 
command blocks, the multiplexor channel in the 
single step/halt mode will also be halted when it 
takes the idle state. In that case, a new halt/sin- 
gle step command will only be executed if an 
IOREQ or a subchannel start/stop command is 
pending. 

b. With the start subchannel command, the 82258 
unmasks the corresponding bit in the 8259A 
mask register for the addressed subchannel, 
thus enabling the subchannel. The BUSY bit in 
the CSR is set indicating the state: "subchannel 
command pending". After prioritization, the sub- 
channel routine is executed. When an I/O re- 
quest is received on the subchannel, the com- 
mand pointer is fetched from the MT and the 
channel's set up routine is executed. After the 
reset of the BUSY bit, a new start/stop subchan- 
nel command can be accepted by the multiple- 
xor channel. 

Only distinction between the stop subchannel 
command and the start subchannel command is 
the handling of the mask bit in the 8259A. For 
the STOP command, the vector specific mask bit 
is set by the 82258. As the start command, the 
stop command has also to be prioritized before 
execution. 

For the multiplexor channel the following rules 
are observed: 

— . Before any IOREQ can be processed, the 
whole channel 3 has to be started and the 
channel 3 must be in the idle state 

— In any state a subchannel command can be 
accepted and transferred into the state "sub- 
channel command pending" 

— A pending subchannel command can be pro- 
cessed only in the idle state 

— - In the idle state, a subchannel command has 
a higher priority than an IOREQ 

— In Case of a, fatal error stop of a Subchannel, 
the Whole channel 3 is stopped. LVR identi- 
fies the guilty subchannel. To stop (mask) this 
subchannel, the CPU at first has to iskie a 
START CH3 command arid then stop the af- 
fected subchannel. 
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TERMINATION CONDITIONS 

The 82258 distinguishes the following conditions for 
termination of a block transfer: 

— byte count is zero and the data chaining not en- 
abled; a standard termination condition 

— data chaining enabled and the new fetched byte 
count is zero 

— external termination via the channel's EOD line if 
enabled by the EXT bit in the CCR 

— match/ mismatch during the masked byte or word 
compare, as specified and enabled in the com- 
mand extension CCRX 

— mismatch during a verify & halt operation, as 
specified and enabled in the command extension 
CCRX 

— The CPU loading the GCR with a stop command, 
though the channel is not really terminated. 

INTERRUPT CONTROL 

The 82258 has four programmable EOD pins (one 
for each channel) for the CPU interruption and for 
communi catio n with the system environment. As in- 
puts, the EOD pins are used for external termination, 
enabled by the EXT bit of the type 1 channel com- 
mand in the CCR. When used as output, the EOD 
pins provide two basic functions: 

EOD (end of DMA), a channel specific active 
LOW pulse signal of 2 T-states length, always en- 
abled by t he so ftware. With a type 1 channel 
command, EODs, if enabled, are synchronous 
and always controlled by th e byt e count. If data 
chaining is enabled, type 1 EOD s sho uld not be 
used for interrupts since multiple EODs (with ev- 
ery exceeding by te co unt) are issued. With a type 
2 command, the EOD, if enabled (ED = 1 in the 
CCR), is an asynchronous signal generated after 
a command execution. 

INTOUT (interrupt output) is a hardware generat- 
ed (error detection) or a soft ware enabled static 
active HIGH signal on the EOD2 pin, if pro- 
grammed (ENCI = 1 in the GMR). The channel 
generating the INTOUT is indicated by the INT bit 
in the GSR. Hardware generated interrupt occurs 
in case of a fatal error (INTOUT issued if not 
masked by the MINT bit in the GMR). Type 2 
channel command allows software generated 
INTOUT if programmed (IT = 1 in the CCR and 
not masked by the MINT bit in the GMR). A chan- 
nel's INT bit in the GSR is activated independent 
of the MINT (in GMR), INTOUT remains active 
until ail INT bits in the CSR are reset by the CPU 
with the general command CLEAR INTERRUPT. 

Multiplexor Channel Interrupts 

Interrupts from the multiplexor channel belong to a 
certain subchannel. For program controlled inter- 



rupts, the status and the context information cannot 
be fetched from the internal 82258 registers (since 
the multiplexor channel is not stopped). Hence, the 
CPU can only investigate the interrupt via the MIVR 
register. After the MIVR read from the CPU, the valid 
bit and matrix stop bit (the vector of which was indi- 
cated in the MIVR) are erased. For multiple stop 
conditions in the stop matrix, the stopped subchan- 
nels get their vectors in the MIVR in the priority order 
(highest for vector zero). The MIV R is ac tivated inde- 
pendent of the programming of EOD or INTOUT. 
Therefore, the CPU can samp le the MIVR in a poll- 
ing mode when neither EOD nor INTOUT is used. 
With the interrupt vector out of the MIVR, the CPU 
finds the related command pointer (in MT) which 
points to the last executed channel command (stop 
and mask). For status information of last block trans- 
fer, the CPU has to find the last type 1 command 
block in the channel program. Programmable inter- 
mediate interrupt messages should not be used on 
the multiplexor subchannels (MIVR is activated only 
for the stopped subchannel). 

For hardware generated INTOUT the whole channel 
3 is stopped with the LVR indicating the last (guilty) 
vector. After the error investigation the CPU should 
start the channel 3 and then stop the affected sub- 
channel. 

FAULT DETECTION 

Oh detecting a fatal error, the 82258 does the 

following: 

immediately stops the affected channel 
sets error bit in the channel's status register 
sets channel specific INT bit in the GSR 
sends interrupt if not masked (in GMR) 

For error investigation, the CPU should: 

read GSR (what channel?, channel stopped?) 

read CSR (error?) 

read CPR and investigate the channel command 

(type 1 command) 

read LVR for multiplexor channel, if affected 

(what subchannel?) 

The 82258 recognizes only type 1 command errors. 
Other error types are defaulted into non-fatal errors 
and not identified. The FE bit in the CSR indicates 
the fatal errors. 

Fatal Errors: Fatal errors are detected during the 
decoding of a type 1 channel command with the 
GMR. Six conditions are used for detection and the 
allowed six combinations of them lead to six differ- 
ent transfer executions (Table 7). All other combina- 
tions of the six conditions generate a fatal error. 
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Table 7. Fatal Error Detection 


Valid 
Combination 


Conditions Decoded 


Operation 
Performed 


Single 
Cycle 


NoDst. 
Ptr. 


No Src. 
Ptr. 


Verify 
&Save 


Trans- 
late 


Sync. 
Error 


:■ 1 


False 


False 


False 


False 


False 


— 


Two Cycle DMA 


' :; 2 


False 


False 


False 


False 


True 


— 


Translate 


- ,. 3 ■■'■.■ 


False 


False 


True 


False 


False 


False 


No Source Ptr. DMA 


■'■ 4 


False 


True 


False 


False 


False 


False 


No Dest. Ptr. DMA 


5 


True 


False 


False 


False 


False 


False 


Single Cyc. DMA 


6 


True 


False 


False 


True 


False 


False 


Verify & Save 



The synchronization error is predecoded and acti- 
vated in the following cases: 

Single cycle combined with free running 

No source pointer mode combined with the 
source synchronization on a selector channel 

No destination pointer combined with the destina- 
tion synchronization on a selector channel 

Non Fatal Errors and Undetected Fatal Errors 

A non fatal error is not indicated in the channel 
status register. It is only defaulted. Channel process^ 
ing is not interrupted. Following are some examples 
of non fatal errors and the undetected fatal errors: 



Table 8. Cummulative Selector Channel 
Transfer Rates (8 MHz 286 System) 



Fault 


Action 


Remote mode ■+' 1 86 
mode 


RM not inhibited but 
read/write pins are also 
used as outputs 


Both list chaining and 
linked list chaining 
enabled 


Linked list data chaining 
executed 


Start/Stop subchannel 
and BUSY active 


New command 
overwrites old command 
(Fatal Error) 


Data chaining enabled 
on the multiplexor 
channel 


MTPR is overwritten with 
the list pointer 
(Fatal Error) 



Transfer 


Single Cycle 


Two Cycle 


Word -► Word 


8 


4 


Word — * Byte 


not possible 


2.66 


Byte — ► Word 


not possible 


2.66 


Byte — > Byte 


4 


2 


Byte —> Bytew/ 
Translate 


not possible 


800 KBytes 



Multiplexor Channel 

The transfer rates on the multiplexor channel are 
different from the selector channel and depend on 
the mode of operation and the size of the command 
block. 

Table 9. Cummulative Multiplexor 
Channel Transfer Rates 



Mode 


Command 
Block 


Word 
Transfers 


Byte 
Transfers 


Byte/ 
Word 

Multiplex 


short 


275 KBytes/sec 


138 KBytes/sec 


long 


240 KBytes/sec 


120 KBytes/sec 


Block 
Multiplex 


Short 


4 MBytes/sec 


2 MBytes/sec 


long 


4 MBytes/sec 


2 MBytes/sec 



TRANSFER RATES 

Selector Channel 

Table 8 illustrates the different transfer rates (in 
MBytes/sec) for the 286 mode of operation. These 
transfer rates are not affected by switching channels 
and are halved for both 186 and 86 modes of opera- 
tion. 



Data Chaining 

The transfer rate for -data chaining depends on the 
block length of each chained data block, the number 
of blocks in the chain and also the type of chaining 
that is being done. See the section on data chaining 
latencies. 
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LATENCIES 

The latency calculations do not take into account set 
up, hold and output delay times which are specified 
in the A.C. Characteristics section. These should be 
added to get the final latency figures. All timings are 
in units of T-states (125 ns in an 8 MHz system). If 
bus cycles are involved then the following abbrevia- 
tions are used: 

T = time for one bus transfer 

W = wait time during bus cycles for a slow device 

In case of various influences affecting the timing, the 
most typical case is mentioned in the table and ex- 
plained in notes. 



Assumptions: 

1 . The channel for which latencies are calculated 
currently has the highest priority and will not be 
blocked by other still higher priority requests. 

2. In remote mode delays due to CPU accesses to 
the 82258 are not taken into account for laten- 
cies. 

3. All control space accesses are on a 16 bit bus 
and command blocks and data chain lists are ad- 
dressed on even boundaries. 

4. Organizational and other uhsynchronized trans- 
fers (e.g. prefetch) have been completed before 
the processing of DREQ starts. 



DMA Request Processing: 
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Figure 32. DREQ to DACK Latency in Local Mode* 
Table 10. DREQ to DACK in Local Mode* 





Minimum 


Typical 


Maximum 


DREQ to HOLD 


2.5 


3 


3 + W(1)(2) 


HOLD to HLDA 


1 


4.5 


(3) 


HLDA to CYCLE START 


1.5 


2.5 


2.5 


DREQ to CYCLE START 
(without bus arbitration) 


2 


2.5 


4 + W(1) 


CYCLE START to DACK 


0.5 


0.5 


0.5 



Notes are indicated in parenthesis 

*AII timings are in units of T-states (125 ns in an 8 MHz system). If bus 

cycles are involved then the following abbreviations are used: 

T = Time for one bus transfer 

W = Wait time during bus cycles for a slow device 
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Figure 33. DREQ to DACK Latency in Remote Mode* 



Table 11. DREQ to DACK in Remote Mode* 





Minimum 


Typical 


Maximum 


DREQ to HOLDset 


2.5 


3 


3 + W(1)(2) 


HOLDset to HLDAset 


2BC 


2 + 2BC 


(4) 


HOLDAset TO CYCLE START 


1.5 


2 


2.5 


DREQ to HOLDreset 


1.5 


3 


5.5 + W(1) 


HOLDreset to HLDAreset 


1 


2 


2 


HLDAreset to CYCLE START 


1.5 


2 


2.5 


DREQ to CYCLE START 
(without bus change) 


2 


3.5 


5 + W(1) 


CYCLE START to DACK 


0.5 


0.5 


0,5 



Notes: 

(1) Single bus cycle running: 1 + W 
unseparable bus cycles running: 

—word access at odd addresses (and pointer transfers): 3 + 2W 
— IOACK cycle (only multiplexor channel): 7 + 2W 

(2) General Burst Counter = 0: 2 x GDR 
HLDA = 1, HOLD = 0: Wait for HLDA = 
HLDA lost: 2 

(3) 1 6 + 1 5W (from the 286 manual, assumed repeat and lock prefix not combined) 

(4) Bus arbitration + currently running bus transfers. 
BC = Multibus clock cycle. 

■* All timings are in units of T-states (125 ns in an 8 MHz system). 
If bus cycles are involved then the following abbreviations are used: 
T = Time for one bus transfer 
W = Wait time during bus cycles for a slow device 
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General Command Processing: 41 

Minimum Typical Maximum 

WRITE to Set Up 6.5 8 9.5 

+ HOLD/HOLDA sequence 

At this point the start command is ready for the start 
of the channel set up routine 



Set Up Processing: 41 

Standard command block 
additional for long command block 
additional for list data chaining 
additional for linked list data chaining 



Type 1 Command Processing:* 

Chaining : same as the set up processing 

Termination : 
store CSR and calculate next 
command pointer 
store status block (if programmed) 

Type 2 Command Processing:* 

Standard : 
CCR load 

CCR decode and execution 
additional for jump 



7T + 4 
5T 

1T + 2 
3T + 2 



:1T + 6 
:6T 



1T 

2T + 2 
4 



START/STOP Subchannel:* 

(see General Command Processing for set up) 
Execution : 4T + 6 

Multiplexor Channel:* 

(see General Command Processing for set up) 

IOREQ to IOACK : identical to DREQ to DACK timing 

First IOACK to second IOACK : 1 T + 2 

Second IOACK to vector in LVR : 1 T + 2 
' Calculate MT address and read 

command pointer into CPR : 2T + 4 

Data transfer :2T + 2 

Restore pointers : 4T + 4 

Restore byte count : 2T 

Data Chaining:* 

Latencies in data chaining occur when transfers are 
changed between data blocks. 



List Chaining 
Linked List Chaining 



:3T + 6 
:5T + 6 



* All timings are in units of T-states (125 ns in an 8 MHz 
system). 

If bus cycles are involved then the following abbreviations 
are used: 

T = Time for one bus transfer 

W = Wait time during bus cycles for a slow device 
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Absolute Maximum Ratings 

Ambient Temperature Under Bias 0°C to 55°C 

Case Temperature 0°Cto85°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground -1.0Vto+7V 

Power Dissipation 3.6 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. Characteristics V C c=5V ±5%; T A =0 o C to + 55°C, orTcASE = o Cto + 85°C 



Symbol 


Parameter 


Limit Values 


Units 


Test Conditions 


Min 


Max 


V|L 


Input Low Voltage 
(except CLK) 


-0.5 


+ 0.8 


V 


— 


V| H 


Input High Voltage 
(except CLK) 


2.0 


Vcc + 0.5 


Vol 


Output Low Voltage 


— 


0.45 


Iol = 3-00 mA 


V H 


Output High Voltage 


2.4 


— 


Iqh = -400jLiA 


ice 


Power Supply Current 


— 


475 
370 


mA 


T A = o C, 

T A = 55° 

all outputs open 


"LI 


Input Leakage Current 


±10 


julA 


0V <; V, N ^ vec 


"lo 


Output Leakage Current 


-200 


jaA 


0.45V k VouT = Vcc 


SO, SI, S2, BHE, RD, 
WR.M/IO 


HOLD (RQ/GT mode), EOD 


-1.5 


mA 


other pins 


± 10 


juA 


V C L 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 


— 


V C H 


Clock Input High Voltage 


3.8 


Vcc+1-0 


C|N 


Capacitance of Inputs 
(except CLK) 


— 


10 


PF 


fc= 1 MHz 


Co 


Capacitance of I/O or 
Outputs 


20 


CCLK 


Capacitance of CLK Input 


12 
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A.C. Characteristics v C c = 5V ± 5%; t a = o°c to + 55°c, or t C ase = o°c to + 85°c 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless 
otherwise noted. 



Sym 


Parameter 


6 MHz 


8 MHz 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


1 


CLK Cycle Period (286 Mode) 


83 


250 


62 


250 


ns 




2 


CLK Low Time (286 Mode) 


20 


225 


15 


230 


ns 


at 1.0V 


3 


CLK High Time (286 Mode) 


25 


230 


20 


235 


ns 


at 3.6V 


4 


Output Valid Delay 


1- 


80 


1- 


60 


ns 


CL= 125 pF 


5 


Output Valid Delay 


1- 


55 


1- 


40 


ns 


CL= 125 pF 


6 


Data Setup Time 


15 




10 




ns 




6a 


Address Input Setup (186 Mode) 


20 




15 




ns 




7 


Data Hold Time 


8 




5 




ns 




8 


READY Setup Time 


50 




38 




ns 




9 


READY Hold Time 


35 




25 




ns 




10 


Input Setup Time 


25 




20 




ns 




10a 


Status Setup Time (186 Mode) 


30 




30 




ns 




11 


Input Hold Time 


25 




20 




ns 




11a 


BHE Hold Time (186 Mode) 


15 




10 




ns 




12 


Address Setup Time 


3 




2 




ns 




13 


Data Valid Delay 





60 





50 


ns 




14 


Data Float Delay 


8 


80 


5 


60 


ns 




15 


Chip Select Setup 


30 




20 




ns 




16 


Command Length 


320 




290 




ns 




17 


Data Setup Time 


185 




165 




ns 




18 


Address Setup Time 


30 




20 




ns 




19 


Command Inactive 


320 




290 




ns 




19a 


Access Time 




420 




380 


ns 




20 


CLK Period (186 Mode) 


166 


500 


125 


500 


ns 




21 


CLK Low Time (1 86 Mode) 


76 




55 




ns 




22 


CLK High Time (186 Mode) 


76 


4 


55 




ns 




23 


CLK Rise Time (186 Mode) 




15 




15 


ns 




24 


CLK Fall Time (186 Mode) 




15 




15 


ns 




25 


READY Active Setup Time 


20 




20 




ns 




26 


READY Hold Time 


10 




10 




ns 




26a 


SREADY Hold Time (186 Mode) 


15 




15 




ns 




27 


READY Inactive Setup Time 


35 




35 




ns 




28 


Control Reset Setup Time 


25 




20 




ns 




29 


Control Reset Hold Time 












ns 




30 


Address/ Data Valid Delay 


10 


55 


10 


50 


ns 




31 


Status Delay 


10 


75 


10 


55 


ns 




32 


Address/ Data Float Delay 


10 


50 


10 


50 


ns 




33 


DT/R Delay (186 Mode) 


10 


76 


10 


55 


ns 




34 


DEN Delay (186 Mode) 


10 


80 


10 


60 


ns 
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A.C. MEASUREMENT POINT DESCRIPTION 
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A. CLK Input 
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B. Outputs and Other Inputs 
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Figure 33a. AC Drive and Measurement Points 



Figure 33b. AC Test Loading on Outputs 
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Figure 34. AC Setup, Hold and Delay Time Measurement - General 



BUS CYCLE T-STATES: 

The bus cycles are subdivided into T-states which 
are interpreted differently depending on whether the 
82258 is in the 286 mode or the 186 mode. 

286 Mode T-states: Each T-state is two clock cy- 
cles long and starts in the middle of a processor 
cycle and ends in the middle of the succeeding proc- 
essor cycle. 

Tl: [The bus is idle] This state will occur if the 

82258 cannot start the next bus cycle. 

TO: [A new bus cycle is beginning] When the 
address and status of a new bus cycle is to 
be sent as output, this state is used. 



Ti: [A bus cycle is proceeding] This state is 
used to allow the bus controller commands 
to become active and, to output data during 
a write cycle. 

T2I : [A bus cycle is prepared for termina tion with 
no new cycle ready to begin] If the READY 
signal is active and no new bus cycle is 
ready to begin, this will be the state used. 
Input data wil l be accepted during this state 
if the READY signal is active and if the bus 
cycle is an input cycle. 

T20: [A bus cycle is prepared for termination with 
a new cycle ready to begi n] This s tate ter- 
minates a bus cycle if the READY signal is 
active and if a new bus cycle is ready to 
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begin. As with the T2I state, input data will 
be accepted during this st ate if the cycle is 
an input cycle and if the READY signal is 
active. This state will also outp ut the a d- 
dress of the new bus cycle, and if READY is 
active, the status also. 

186 Mode T-states: The T-states are one CLK peri- 
od long, beginning and ending with the falling edge 
of the CLK signal. 

Tl: [The bus is idle] This state occurs if the 

82258 cannot start the following bus cycle. 

T1: [The first bus cycle T-state] During this 
state, address information is output to the 
A19/S6-A16/S3 and AD15-AD0 pins. The 
status is activated with the rising edge of 
the CLK previous to this state. 



T2: [The second bus cycle T-state] This state 
allows the bus controller and the 82258 
commands to become active and outputs 
data if the cycle is a write cycle. 

T3: [The third bus cycle T-state] This state is 
used to synchronize the ready signals. If the 
bus is not ready, then the bus cycle is ex- 
tended by repeating this state, with the 
status lines going inactive during the last 
T3-state. 

T4: [The last bus cycle T-state] During this cy- 
cle, data is input for input cycles and the 
bus controller and the 82258 commands 
are disactivated. If the following state is T1 , 
then the status is activated during this state. 



Waveforms 
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NOTES: 

1. D15-D0 floats during Single Cycle Transfer like a Read Cycle. 

2. T2 will be repeated, if READY is inactive. 

3. initiated by terminal count. 



Figure 35. Timing of an Active Bus Cycie (286 and Remote Modes) 
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NOTES: 

4. For a Single Cycle Transfer the timings of AD15-AD0, DEN and DT/R are the same as in a Read Bus Cycle. 

5. Additional T3 cycles will be inserted if bus is not ready (see Figure 40). 

Figure 36. Timing of an Active Bus Cycle (186 and 8086 Modes) 
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Figure 37. Timing of a Synchronous Access to the 82258 (286 Mode) 
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Figure 40. READY Timing (186 Mode) 
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NOTE: 

6. The trailing edge of DREQn, as specified in this diagram, is necessary if oniy one bus cycle should be executed. 
A later trailing edge may cause an additional bus cycle (continuous DREQ), if no READY-wait-states are inserted. 



Figure 41. DREQ, DACK Timing (286 and Remote Modes) 
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Figure 38. Timing of a Synchronous Access to the 82258 (186 and 8086 Modes) 
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Figure 39. Timing of an Asynchronous Access to the 82258 (All Modes) 
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Figure 42. DREQ, DACK Timing (186 Mode) 
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Figure 43. BREL, Bus Tristate Timing (Remote Mode) 
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Figure 44. RESET Timing (Alt Modes) 
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231263-44, 



Figure 45. HOLD, HLDA Timing (286 and Remote Modes) 
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Figure 46. HOLD, HLDA Timing (186 Mode) 
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Figure 47. RQ/GT Timing (8086 Mode) 
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Figure 48. INTOUT, EOD Timing (286 and Remote Modes) 
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Figure 49. INTOUT, EOD Timing (186 and 8086 Modes) 
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Figure 50. Single Cycle Transfer (286 Mode) 
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Figure 52. Access to 8259A in 80286 and Remote Modes. 
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Figure 53. Access to 8259A in 8086 and 80186 Modes 



DATA SHEET REVISION REVIEW 

The following list represents key differences be- 
tween this and the -003 82258 data sheet. Please 
review this summary carefully. 

1. Figure 35 was updated. The new timing diagram 
now illustrates DACKN#, IOACK #, and EODn# 
timings during active bus cycles in the 80286 and 
remote modes. 

2. Figure 37 was updated. The new timing diagram 
now illustrates the READY # signal during a syn- 
chronous access to the 82258. 



3. Figure 41 was updated. The new timing diagram 
completely separates the DREQ, DACK# timings 
from "without bus arbitration" and "with bus arbi- 
tration". 

4. Two new timing illustrations were added to the 
82258 data sheet. Figure 52 illustrates bus ac- 
cesses to the 8259A in 80286 and remote modes, 
and Figure 53 illustrates bus accesses to the 
8259A in 80186 and 8086 modes. 

5. A note to the DREQ pin description was added to 
advise designers to leave unused DREQn inputs 
left floating. 
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BUS CONTROLLER FOR 80286 PROCESSORS 
(82288-12, 82288-10, 82288-8) 



Provides Commands and Controls for 
Local and System Bus 

Wide Flexibility in System 
Configurations 

Flexible Command Timing 



Optional MULTIBUS® Compatible 
Timing 

Single + 5V Supply 

Available in 20 Pin Cerdip Package 

(See Packaging Spec, Order #231369) 



The Intel 82288 Bus Controller is a 20-pin HMOS component for use in 80286 microsystems. The bus control- 
ler provides command and control outputs with flexible timing options. Separate command outputs are used 
for memory and I/O devices. The data bus is controlled with separate data enable and direction control 
signals. 

Two modes of operation are possible via a strapping option: MULTIBUS® I compatible bus cycles, and high 
speed bus cycles. 
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Table 1. Pin Description 

The following pin function descriptions are for the 82288 bus controller. 



Symbol 


Type 


Name and Function 


CLK 


I 


SYSTEM CLOCK provides the basic timing control for the 82288 in an 80286 
microsystem. Its frequency is twice the internal processor clock frequency. The falling 
edge of this input signal establishes when inputs are sampled and command and control 
outputs change. 


SO, ST 


I 


BUS CYCLE STATUS starts a bus cycle and, along with M/IO, defines Jhe type of bus 
cycle. These inputs are active LOW. A bus cycle is started when either S1 or SO is 
sampled LOW at the falling edge of CLK. Setup and hold times must be met for proper 
operation. 


80286 Bus Cycle Status Definition 


M/iO 


S1 


SO 


Type of Bus Cycle 







1 

1 

. 1 

1 





1 
1 




1 
1 




1 



1 


i 

1 


Interrupt Acknowledge 
I/O Read 
I/O Write 
None; Idle 
Halt or Shutdown 
Memory Read 
Memory Write 
None; idle 


M/IO 


I 


MEMORY OR I/O SELECT determines whether the current bus cycle is in the memory 
space or I/O space. When LOW, the current bus cycle is in the I/O space. Setup and 
hold times must be met for proper operation. 


MB 


I 


MULTIBUS MODE SELECT determines timing of the command and control outputs. 
When HIGH, the bus controller operates With MULTIBUS I compatible timings. When 
LOW, the bus controller optimizes the command and control output timing for short bus 
cycles. The function of the CEN/AEN input pin is selected by this signal. This input is 
typically a strapping option and not dynamically changed. 


CENL 


I 


COMMAND ENABLE LATCHED is a bus controller select signal which enables the bus 
controller to respond to the current bus cycle being initiated. CENL is an active HIGH 
input latched internally at the end of each T$ cycle. CENL is used to select the 
appropriate bus controller for each bus cycle in a system where the CPU has more than 
one bus it can use. This input may be connected to Vqc to select this 82288 for all 
transfers. No control inputs affect CENL. Setup and hold times must be met for proper 
operation. 


CMDLY 


I 


COMMAND DELAY allows delaying the start of a command. CMDLY is an active HIGH 
input. If sampled HIGH, the command output is not activated and CMDLY is again 
sampled at the next CLK cycle. When sampled LOW the selected command is enabled. If 
READY is detected LOW before the command output is activated, the 82288 will 
terminate the bus cycle, even if no command was issued. Setup and hold times must be 
satisfied for proper operation. This input may be connected to GND if no delays are 
required before starting a command. This input has no effect on 82288 control outputs. 


READY 


I 


READY indicates the end of the current bus cycle. READY is an active LOW input. 
MULTIBUS I mode requires at least one wait state to allow the command outputs to 


become active. READY must be LOW during reset, to force the 82288 into the idle state. 
Setup and hold times must be met for proper operation. The 82C284 drives READY LOW 
during RESET. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


CEN/AEN 


I 


COMMAND ENABLE/ ADDRESS ENABLE controls the command and DEN 
outputs of the bus controller. CEN/AEN inputs may be asynchronous to CLK. 
Setup and hold times are given to assure a guaranteed response to 
synchronous inputs. This input may be connected to Vcc or GND. 

When MB is HIGH this pin has the AEN function. AEN is an active LOW input 
which indicates that the CPU has been granted use of a shared bus and the 
bus contoller command outputs may exit 3-state OFF and become inactive 
(HIGH). AEN HIGH indicates that the CPU does not have control of the shared 
bus and forces the command outputs into 3-state OFF and DEN inactive 
(LOW). 

When MB is LOW this pin has the CEN function. CEN is an unlatched active 
HIGH input which allows the bus controller to activate its command and DEN 
outputs. With MB LOW, CEN LOW forces the command and DEN outputs 
inactive but does not tristate them. 


ALE 





ADDRESS LATCH ENABLE controls the address latches used to hold an 
address stable during a bus cycle. This control output is active HIGH. ALE will 
not be issued for the halt bus cycle and is not affected by any of the control 
inputs. 


MCE 





MASTER CASCADE ENABLE signals that a cascade address from a master 
8259A interrupt controller may be placed onto the CPU address bus for 
latching by the address latches under ALE control. The CPU's address bus 
may then be used to broadcast the cascade address to slave interrupt 
controllers so only one of them will respond to the interrupt acknowledge cycle. 
This Control output is active HIGH. MCE is only active during interrupt 
acknowledge cycles and is not affected by any control input. Using MCE to 
enable cascade address drivers requires latches which save the cascade 
address on the falling edge of ALE. 


DEN 





DATA ENABLE controls when data transceivers connected to the local data 
bus should be enabled. DEN is an active HIGH control output. DEN is delayed 
for write cycles in the MULTIBUS I mode. 


DT/R 





DATA TRANSMIT/RECEIVE establishes the direction of data flow to or from 
the local data bus. When HIGH, this control output indicates that a write bus 
cycle is being performed. A LOW indicates a read bus cycle. DEN is always 
inactive when DT/R changes states. This output is HIGH when no bus cycle is 
active. DT/R is not affected by any of the control inputs. 


IOWC 





i/O WRITE COMMAND instructs an I/O device to read the data on the data 
bus. This command output is active LOW. The MB and CMDLY inputs control 
when this output becomes active. READY controls when it becomes inactive. 


IORC 





I/O READ COMMAND instructs an I/O device to place data onto the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when 
this output becomes active. READY controls when it becomes inactive. 


MWTC 





MEMORY WRITE COMMAND instructs a memory device to read the data on 
the data bus. This command output is active LOW. The MB and CMDLY inputs 
control when this output becomes active. READY controls when it becomes 
inactive. 


MRDC 





MEMORY READ COMMAND instructs the memory device to place data onto 
the data bus. This command output is active LOW. The MB and CMDLY inputs 
control when this output becomes active. READY controls when it becomes 
inactive. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


INTA 





INTERRUPT ACKNOWLEDGE tells an Interrupting device that its interrupt 
request is being acknowledged. This command output is active LOW. The MB 
and CMDLY inputs control when this output becomes active. READY controls 
when it becomes inactive. 


Vcc 




System Power: +5V Power Supply 


GND 




System Ground: OV 



Table 2. Command and Control Outputs for Each Type of Bus Cycle 




Type of 
Bus Cycle 


M/IO 


S1 


so 


Command 
Activated 


DT/R 
State 


ALE, DEN 
Issued? 


MCE 
Issued? 


Interrupt Acknowledge 











INTA 


LOW 


YES 


YES 


I/O Read 


o 





1 


IORC 


LOW 


YES 


NO 


I/O Write 





1 







HIGH 


YES 


NO 


IOWC 


None; Idle 





1 


1 


None 


HIGH 


NO 


NO 


Halt/Shutdown 


1 








None 


HIGH 


NO 


NO 


Memory Read 


1 





1 


MRDC 


LOW 


YES 


NO 


Memory Write 


1 


1 







HIGH 


YES 


NO 


MWTC 


None; Idle 


1 


1 


1 


None 


HIGH 


NO 


NO 



Operating Modes 

Two types of buses are supported by the 82288: 
MULTIBUS I and non-MULTIBUS I. When the MB 
input is strapped HIGH, MULTIBUS I timing is used. 
In MULTIBUS I mode, the 82288 delays command 
and data activation to meet IEEE-796 requirements 
on address to command active and write data to 
command active setup timing. MULTIBUS I mode 
requires at least one wait state in the bus cycle since 
the command outputs are delayed. The non- 
MULTIBUS I mode does not delay any outputs and 
does not require wait states. The MB input affects 
the timing of the command and DEN outputs. 



Command and Control Outputs 

The type of bus cycle performed by the local bus 
master is encoded in the M/IO, §1, and SO inputs. 
Different command and control outputs are activat- 
ed depending on the type of bus cycle. Table 2 indi- 
cates the cycle decode done by the 82288 and the 
effect on command, DT/R, ALE, DEN, and MCE out- 
puts. 



Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. Th e timing of the 
ass ociated read command outputs (MRDC.JORC, 
and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for a" read bus cycles. Read 
cycles differ only in which command output is acti- 
vated. The MCE control output is only asserted dur- 
ing interrupt acknowledge cycles. 

Write bus cycles activate different control and com- 
mand outputs with different timing than read bus cy- 
cles. Memory write and I/O write are w rite bus cy- 
cles w hose timing for command outputs (MWTC and 
IOWC), control outputs (ALE, DEN, DT/R) and con- 
trol inp uts (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical. They differ only in which com- 
mand output is activated. 

Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
ignored until the next bus cycle is started via ST and 
SO. 
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FUNCTIONAL DESCRIPTION 



Introduction 

The 82288 bus controller is used in 80286 systems 
to provide address latch control, data transceiver 
control, and standard level-type command outputs. 
The command outputs are timed and have sufficient 
drive capabilities for large TTL buses and meet all 
IEEE-796 requirements for MULTIBUS I. A special 
MULTIBUS I mode is provided to satisfy all address/ 
data setup and hold time requirements. Command 
timing may be tailored to special needs via a CMDLY 
input to determine the start of a command and 
READY to determine the end of a command. 



from driving the shared bus command and data 
signals except when enabled by an external 
MULTIBUS I type bus arbiter. 

Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is eliminat- 
ed by disabling DEN before changing DT/R. The 
DEN timing allows sufficient time for tristate bus driv- 
ers to enter 3-state OFF before enabling other driv- 
ers onto the same bus. 

The term CPU refers to any 80286 processor or 
80286 support component which may become an 
80286 local bus master and thereby drive the 82288 
status inputs. 



Connection to multiple buses are supported with a 
latched enable input (CENL). An address decoder 
can determine which, if any, bus controller should be 
enabled for the bus cycle. This input is latched to 
allow an address decoder to take full advantage of 
the pipelined timing on the 80286 local bus. 

Buses shar ed by several bus controllers are sup- 
ported. An AEN input prevents the bus controller 



Processor Cycle Definition 

Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the 80286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. 
Status signals are always asserted beginning in 
Phase 1 of the local bus master's internal clock. 



-ONE PROCESSOR CLOCK CYCLE - 
ONE BUS T STATE 



PHASE 1 

-OF PROCESSOR 

CLOCK CYCLE 



82C284 
(FOR REFERENCE) 



/ 



PHASE 2 

- OF PROCESSOR 

CLOCK CYCLE 



f 



f 



\ 



r 



Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82288 bus controller has three bus states (see 
Figure 4): Idle (T|) Status (Ts) and Command (Tc). 
Each bus state is two CLK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The T| bus state occurs when no bus cycle is cur- 
rently active on the 80286 local bus. This state may 
be repeated indefinitely. When control of the local 
bus is being passed between masters, the bus re- 
mains in the T| state. 
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Figure 4. 82288 Bus States 



Bus Cycle Definition 

The ST and SO inputs signal the start of a bus cycle. 
When either input becomes LOW, a bus cycle is 
started. The Ts bus state is defined to be the two 
CLK cycles during which either S1 or SO are active 
(see Figure 5). These inputs are sampled by the 
82288 at every falling edge oif CLK. When either S1 
or SO are sampled LOW, the next CLK cycle is con- 
sidered the second phase of the internal CPU clock 
cycle. 

The local bus enters the Tc bus state after the Ts 
state. The shortest bus cycle may have one Ts state 
and one Tc state. Longer bus cycles are formed by 
repeating Tc state. A repeated Tc bus state is called 
a wait state. 



The READY input determines wheth er the c urrent 
Tc bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each Tc bus state 
to see if it is active. If sampled HIGH, the Tc bus 
state is repeated. This is called inserting a wait state. 
The control and command outputs do not change 
during wait states. 



When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the Ts bus state directly from Tc if the status 
lines are sampled active at the next falling edge of 
CLK. 




Vcc 

READY 



mmmmiiiiiE ' mm. 
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Figure 5. Bus Cycle Definition 
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Figures 6 through 10 show the basic command and 
control output timing for read and write bus cycles. 
Halt bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CMD repre- 
sents the appropriate command output for the bus 
cycle. For Figures 6 through 10, the CMDLY input is 
connected to GND and CENL to Vqc- The effects of 
CENL and CMDLY are described later in the section 
on control inputs. 

Figures 6, 7 and 8 show non-MULTIBUS I cycles. 
MB is connected to GND while CEN is connected to 
Vcc- Figure 6 shows a read cycle with no wait states 
while Figur e 7 sho ws a write cycle with one wait 
state. The READY input is shown to illustrate how 
wait states are added. 
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Figure 6. Idle-Read-Idle Bus Cycles with MB = 
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Figure 7. Idle-Write-ldle Bus Cycles with MB = 
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Bus cycles can occur back to back with no T| bus 
states between Tc and Ts- Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within Ts, Tc or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = 0. In this case, DT/R 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 

Figur es 9 a nd 10 show a MULTIBUS I cycle with MB 
= 1. AEN and CMDLY are connected to GND. The 
effects of CMDLY and AEN are described later in 
the section on control inputs. Figure 9 shows a read 
cycle with one wait state and Figure 10 shows a 
write cycle with two wait states. The second wait 
state of the write cycle is shown only for e xample 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 



1ST WRITE CYCLE - 



* 2ND WRITE CYCLE 



I To 



sl*so 




Figure 8. Wrife-Write Bus Cycles with MB = 
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Figure 9. idle-Read-Idle Bus Cycles with 1 Wait State and with MB = 1 
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Figure 10. Idle-Write-ldle Bus Cycles with 2 Wait States and with MB = 1 



The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are automat- 
ically delayed in MULTIBUS I mode to satisfy three 
requirements: 

1) 50 ns minimum setup time for valid address be- 
fore any command output becomes active. 

2) 50 ns minimum setup time for valid write data 
before any write command output becomes ac- 
tive. 

3) 65 ns maximum time from when any read com- 
mand becomes inactive until the slave's read 
data drivers reach 3-state OFF. 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

1) The HIGH to LOW t r ansition of t he re ad com- 
mand outputs (IORC, MRDC, and INTA) are de- 
layed one CLK cycle. 

2) The HIGH to L OW tr ansiti on of th e write com- 
mand outputs (IOWC and MWTC) are delayed 
two CLK cycles. 

3) The LOW to HIGH transition of DEN for write cy- 
cles is delayed one CLK cycle. 



Back to back bus cycles with MB = 1 do not change 
the timing of any of the command or control outputs. 
DEN always becomes inactive between bus cycles 
with MB = 1. 

Except for a halt or shutdown bus cycle, ALE will be 
issued during the second half of Ts for any bus cy- 
cle. ALE becomes inactive at the end of the Ts to 
allow latching the address to keep it stable during 
the entire bus cycle. The address outputs may 
change during Phase 2 of any Tc bus state. ALE is 
not affected by any control input. 

Figure 1 1 shows how MCE is timed during interrupt 
acknowledge (INTA) bus cycles. MCE is one CLK 
cycle longer than ALE to hold the cascade address 
from a master 8259A valid after the falling edge of 
ALE. With the exception of the MCE control output, 
an INTA bus cycle is identical in timing to a read bus 
cycle. MCE is not affected by any control input. 
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Figure 11. MCE Operation for an INTA Bus Cycle 



Control Inputs 

The control intputs can alter the basic timing of com- 
mand outputs, allow interfacing to multiple buses, 
and share a bus between different masters. For 
many 80286 systems, each CPU will have more than 
one bus which may be used to perform a bus cycle. 
Normally, a CPU will only have one bus controller 
active for each bus cycle. Some buses may be 
shared by more than one CPU (i.e. MULTIBUS) re- 
quiring only one of them use the bus at a time. 

Systems with multiple and shared buses use two 
control inp ut sig nals of the 82288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus c ontroller to control the current bus cycle. The 
AEN input prevents a bu s controller from driving its 
command outputs. AEN HIGH means that another 
bus controller may be driving the shared bus. 

In Figure 12, two buses are shown: a localbus and a 
MULTIBUS I. Only one bus is used for each CPU 
bus cycle. The CENL inputs of the bus controller 
select which bus controller is to perform the bus cy- 
cle. An address decoder determines which bus to 
use for each bus cycle. The 82288 connected to the 
shared MULTIBUS I must be selected by C ENL and 
be given access to the MULTIBUS I by AEN before it 
will begin a MULTIBUS I operation. 



CENL must be sampled HIGH at the end of the Ts 
bus state (see waveforms) to enable the bus control- 
ler to activate its command and control outputs. If 
sampled LOW the commands and DEN will not go 
active and DT/R will remain HIGH. T he bus c ontrol- 
ler will ignore the CMDLY, CEN, and READY inputs 
until another bus cycle is started via S1 and SO. 
Since an address decoder is commonly used to 
identify which bus is required for each bus cycle, 
CENL is latched to avoid the need for latching its 
input. 

The CENL input can affect the DEN control output. 
When MB = 0, DEN normally becomes active dur- 
ing Phase 2 of Ts in write bus cycles. This transition 
occurs before CENL is sampled. If CENL is sampled 
LOW, the DEN output will be forced LOW during Tc 
as shown in the timing waveforms. 

When MB = 1, CEN/AEN becomes AEN. AEN con- 
trols when the bus contr oller command outputs en- 
ter and exit 3-state OFF. AEN is intended to be driv- 
en by a MULTIBUS I type bus arbiter, which assures 
only one bus co ntrolle r is driving the shared bus at 
any time. When AEN makes a LOW to HIGH tran- 
sition, the command outputs immediately enter 
3-state OFF and DEN is forced inactive. An inactive 
DEN should force the local data transceivers con- 
nected to the shared data bus into 3-state OFF (see 
Figure 12). The LOW to HIGH transition of AEN 
should only occur during T| or Ts bus states. 

The HIGH to LOW transition of AEN signals that the 
bus controller may now drive the shared bus com- 
mand signals. Since a bus cycle may be active or be 
in the process of st arting , AEN can become active 
during any T-state. AEN LOW immediately allows 
DEN to go to the appropriate state. Three CLK edg- 
es later, the command outputs will go active (see 
timing waveforms). The MULTIBUS I requires this 
delay for the address and data to be valid on the bus 
before the command becomes active. 

When MB = 0, CEN/AEN becomes CEN. CEN is an 
asynchronous input which immediately affects the 
command and DEN outputs. When GEN makes a 
HIGH to LOW transition, the commands and DEN 
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are immediately forced inactive. When CEN makes a 
LOW to HIGH transition, the commands and DEN 
outputs immediatel y go to th e appropriate state (see 
timing waveforms). READY must still become active 
to terminate a bus cycle if CEN remains LOW for a 
selected bus controller (CENL was latched HIGH). 



Some memory or I/O systems may require more ad- 
dress or write data setup time to command active 
than provided by the basic command output timing. 
To provide flexible command timing, the GMDLY in- 
put can delay the activation of command outputs. 
The CMDLY input must be sampled LOW to activate 
the command outputs. CMDLY does not affect the 
control outputs ALE, MCE, DEN, and DT/R. 
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Figure 12. System Use of AEN and CENL 
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CMDLY is first sampled on the falling edge of the 
CLK ending Ts< If sampled HIGH, the command out- 
put is not activated, and CMDLY is again sampled 
on the next falling edge of CLK. Once sampled 
LOW, the proper command output becomes active 
immediately if MB= 0. If MB = 1, the proper com- 
mand goes active no earlier than shown in Figures 9 
and 10. 



READY can terminate a bus cycle before CMDLY 
allows a command to be issued. In this case no 
commands are issued jn the bus controller will de- 
activate DEN and DT/R in the same manner as if a 
command had been issued. 



sitions of all signals in all modes. Instead, all signal 
timing relationships are shown via the general cas- 
es. Special cases are shown when needed. The 
waveforms provide some functional descriptions of 
the 82288; however, most functional descriptions 
are provided in Figures 5 through 1 1. 

To find the timing specification for a signal transition 
in a particular mode, first look for a special case in 
the waveforms. If no special case applies, then use 
a timing specification for the same or related func- 
tion in another mode. 



Waveforms Discussion 

The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to + 70°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to GND - 0.5V to + 7V 

Power Dissipation 1 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS V C c = 5V ±5%,T C ase = 0°Cto85°C*,orT A •• 


= 0°Cto +70°C 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V,L 


Input LOW Voltage 


-0.5 


0.8 


V 




V| H 


Input HIGH Voltage 


2.0 


V CC + 0.5 


V 




VlLC 


CLK Input LOW Voltage 


-0.5 


0.6 


V 




V|HC 


CLK Input HIGH Voltage 


3.8 


V CC + 0.5 


V 




Vol 


Output LOW Voltage 
Command Outputs 
Control Outputs 




0.45 
0.45 


V 
V 


I l = 32 mA (Note 1) 
I l= 16 mA (Note 2) 


Voh 


Output HIGH Voltage 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


Iqh = -5mA(Note1) 
Iqh = -1 mA(Note2) 


If 


Input Current (SO and ST Inputs) 




-0.5 


mA 


V f = 0.45V 


Iil 


Input Leakage Current 
(All Other Inputs) 




±10 


juA 


0V £ V, N £ V CC 


Ilo 


Output Leakage Current 




±10 


julA 


0.45V <L V UT ^ V C c 


ice 


Power Supply Current 




140 


mA 




CcLK 


CLK Input Capacitance 




12 


PF 


F c = 1 MHz 


C| 


Input Capacitance 




10 


PF 


F c = 1 MHz 


Co 


Input/Output Capacitance 




20 


PF 


F c = 1 MHz 



*Ta is guaranteed from 0°C to + 70°C as long as Tqase is not exceeded. 

NOTES: 

1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC. 

2. Control Outputs are DT/R, DEN, ALE and MCE. 
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A.C. CHARACTERISTICS 



V C C = 5V, 
illustrated in 


±5%, Tcase = 0°C to +85°C* AC timings are 
data sheet waveforms, unless otherwise noted. 


referenced to 0.8V and 2.0V points of signals as 


Symbol 


Parameter 


8 MHz 
(Advance) 


10 MHz 
(Advance) 


12.5 MHz 
(Advance) 


Unit 


Test 
Condition 


-8 
Min 


-8 
Max 


-10 
Min 


-10 
Min 


-12 
Min 


-12 
Max 


1 


CLK Period 


62 


250 


50 


250 


40 


250 


n $ 




2 


CLK HIGH Time 


20 


235 


16 


238 


13 


239 


ns 


^ats.ev 


3 


CLK LOW Time 


15 


230 


12 


234 


11 


237 


ns 


at 1.0V 


4 


CLK Rise Time 




10 




8 




8 


ns 


1.0V to 3.6V 


5 


CLK Fall Time 




10 




8 




8 


ns 


3.6V to 1.0V 


6 


M/JO and Status 
Setup Time 


22 




18 




15 




ns 




7 


M/TO and Status 
Hold Time 


1 




1 




1 




ns 




8 


CENL Setup Time 


20 




15 




15 




ns 




9 


CENL Hold Time 


1 




1 




1 




ns 




10 




38 




26 




18 




ns 




READY Setup Time 


11 




25 




25 




20 




ns 




READY Hold Time 


12 


CMDLY Setup Time 


20 




15 




15 




ns 




13 


CMDLY Hold Time 


1 




1 




1 




ns 




14 


AEN Setup Time 


20 




15 




15 




ns 


(Note 3) 


15 


AEN Hold Time 

















ns 


(Note 3) 


16 


ALE, MCE Active 
Delay from CLK 


3 


20 


3 


16 


3 


16 


ns 


(Note 4) 


17 


ALE, MCE Inactive 
Delay from CLK 




2S 




19 




19 


ns 


(Note 4) 


18 


DEN (Write) 
Inactive from CENL 




35 




23 




23 


ns 


(Note 4) 


19 


DT/R LOW from CLK 




25 




23 




23 


ns 


(Note 4) 


20 


DEN (Read) Active 
from DT/R 


5 


35 


5 


21 


5 


21 


ns 


(Note 4) 


21 


DEN (Read) Inactive 
Dly from CLK 


3 


35 


3 


21 


3 


19 


ns 


(Note 4) 


22 


DT/R HIGH from 
DEN Inactive 


5 


35 


5 


20 


5 


18 


ns 


(Note 4) 


23 


DEN (Write) Active 
Delay from CLK 




30 




23 




23 


ns 


(Note 4) 


24 


DEN (Write) Inactive 
Dly from CLK 


3 


30 


3 


19 


3 


19 


ns 


(Note 4) 



*Ta is guaranteed from 0°C to + 70°C as long as Tcase is not exceeded. 
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A.C. CHARACTERISTICS 



Vcc = 5V, ±5%, Tcase = 0°C to + 85°C.* AC timings are referenced to 0.8V and 2.0V points of signals as 
illustrated in data sheet waveforms, unless otherwise noted. (Continued) 


Symbol 


Parameter 


8 MHz 
(Advance) 


10 MHz 
(Advance) 


12.5 MHz 
(Advance) 


Unit 


Test 
Condition 


-8 
Min 


-8 
Max 


-10 
Min 


-10 
Min 


-12 
Min 


-12 
Max 


25 


DEN Inactive from 
CEN 




30 




25 




25 


ns 


(Note 4) 


26 


DEN Active from 
CEN 




30 




24 




24 


ns 


(Note 4) 


27 


DT/R HIGH from CLK 
(when CEN = LOW) 




35 




25 




25 


ns 


(Note 4) 


28 


DEN Active from AEN 




30 




26 




26 


ns 


(Note 4) 


29 


CMD Active Delay 
from CLK 


3 


25 


3 


21 


3 


21 


ns 


(Note 5) 


30 


CMD Inactive Delay 
from CLK 


5 


25 


5 


20 


5 


20 


ns 


(Note 5) 


31 


CMD Active from 
CEN 




25 




25 




25 


ns 


(Note 5) 


32 


CMD Inactive from CEN 




25 




25 




25 


ns 


(Note 5) 


33 


CMD Inactive Enable from AEN 




40 




40 




40 


ns 


(Note 5) 


34 


CMD Float Delay from AEN 




40 




40 




40 


ns 


(Note 6) 


35 


MB Setup Time 


20 




20 




20 




ns 




36 


MB Hold Time 

















ns 




37 


Command Inactive Enable 
from MB I 




40 




40 




40 


ns 


(Note 5) 


38 


Command Float Time from MB f 




40 




40 




40 


ns 


(Note 6) 


39 


DEN Inactive from MB f 




30 




26 




26 


ns 


(Note 4) 


40 


DEN Active from MB I 




30 




30 




30 


ns 


(Note 4) 



*Ta is guaranteed from 0°C to + 70°C as long as Tcase is n °t exceeded. 

NOTES: 

3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK 
edge. 

4. Control output load: CI = 150 pF. 

5. Command output load: CI = 300 pF. 

6. Float condition occurs when output current is less than l|_o in magnitude. 



4.0V 

0.45V 


\ 


1.0V 


1.0V 






-13 


3.6V -¥- 

7 


\ 

210471- 









Note 7: AC Drive and Measurement Points— CLK Input 
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4.0V 
CLK INPUT 
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•"•-tSETUP- 



OTHER 
DEVICE 
INPUT 




2.0V 



0.8V 



0.45V »' V rf-tt 




6V 



- tHOLD - 



0.8V 




tDELAY 



DEVICE 
OUTPUT 
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Note 8: AC Setup, Hold and Delay Time Measurement—General 



DEVICE 




OUTPUT 




c L 






. """ 210471-15 



Note 9: AC Test Loading on Outputs 



WAVEFORMS 

CLK CHARACTERISTICS 
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WAVEFORMS (Continued) 

STATUS, ALE, MCE, CHARACTERISTICS 




CENL, CMDLY, DEN CHARACTERISTICS WITH MB = AND CEN = 1 DURING WRITE CYCLE 
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READ CYCLE CHARACTERISTICS WITH MB - AND CEN = 1 
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WAVEFORMS (Continued) 

WRITE CYCLE CHARACTERISTIC WITH MB = AND CEN = 1 



CLK 



S1 • SO 




DT/R 
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CMO 



READY v 
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CEN CHARACTERISTICS WITH MB = 
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3r 



DT/R 
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WAVEFORMS (Continued) 

AlN CHARACTERISTICS WITH MB = 1 



CLK — 
AEN— 

CMO — 
DEN — 


- 


©f- 

NOTE 1 
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NOTE: 

1 . AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. 



MB CHARACTERISTICS WITH AEN/CEN = HIGH 



CLK r 


I T s I 


/ 


T C 


I T C 






Ts 

\ 




I 


"so 17 


\ 


/ 


+~® 




' NV 






®^ 










MB 
CMD - 


FLOATING — *► 


\ 






u® 


— * 




— ® 

r 


®— 




h— 






> 


^ 




DEN 


— 




i 


*~® 






ss 


® 


-*► 










Si 


-*— 


^ IF WRITE 




®-«H 




•-® 


READY 






: 


^ 
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WAVEFORMS (Continued) 

MB CHARACTERISTICS WITH AEN/CEN = HIGH (Continued) 



SO S1 



tiftse 



DEN 



READY 




210471-24 




210471-25 



NOTES: 

1. MB is an asynchronous input. MB setup and hold times specifi ed to guarantee the response shown in the waveforms. 

2. If the setup time, t35, is met two clock cycles will occur before CMD becomes active after the falling edge of MB. 
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82C288 

BUS CONTROLLER FOR 80286 PROCESSORS 
(82C288-12, 82C288-10, 82C288-8) 



Provides Commands and Controls for 
Local and System Bus 

Wide Flexibility in System 
Configurations 

Implemented in High Speed CHMOS III 
Technology 

Fully Compatible with the HMOS 82288 



Fully Static Device 

Single + 5V Supply 

Available in 20 Pin PLCC (Plastic 
Leaded Chip Carrier) and 20 Pin Cerdip 
Packages 

(See Packaging Spec, Order #231369) 



The Intel 82C288 Bus Controller is a 20-pin CHMOS III component for use in 80286 microsystems. The 
82C288 is fully compatible with its predecessor the HMOS 82288. The bus controller is fully static and 
supports a low power mode. The bus controller provides command and control outputs with flexible timing 
options. Separate command outputs are used for memory and I/O devices. The data bus is controlled with 
separate data enable and direction control signals. 

Two modes of operation are possible via a strapping option: MULTIBUS® I compatible bus cycles, and high 
speed bus cycles. 



STATUS 

so- 
M/io- 



3-STATE 
COMMAND 
OUTPUTS 



cue- 

CONTROL 
. INPUTS 

CEN/AEN- 

CENL- 

CMDLY- 

READY- 



STATUS 
DECODER 



COMMAND 
OUTPUT 
LOGIC 



mrTSc" 
RwTC 



STATE 
MACHINE 



CONTROL 
INPUT 
LOGIC 



CONTROL 
OUTPUT 
LOGIC 



CONTROL 
OUTPUTS 

♦ DT/R 

♦ DEN 
♦ALE 
♦MCE 



Figure 1. 82C288 Block Diagram 
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20 Pin Cerdip Package 
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V-> 


20 


3 v cc 


CLK 


C 
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19 


Hso 


§1 

MCE 




3 
4 


82C288 


18 
17 


Zl wio 

Zl DT/R 


ALE 


c 


5 




16 


3 DEN 


MB 


E 


6 




15 


3 CEN/AEN 


CMDLY 


C 






14 


D CENL 


MRDC 


C 


8 




13 


I] INTA 


MWTC 


c 


9 




12 


3 i5S5 


GND 


c 


10 




11 


Zl ^WC 












240042-2 



P.C. Board Views — As viewed from the compo- 
nent side of the P.C. board. 



Component Pad Views — As viewed from under- 
side of component when mounted on the board. 



20 Pin PLCC Package 
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CENLC 
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3 MRDC 


CEN/AEN C 
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3 CMDLY 
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1 6 82C288 6 


2MB 
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17 5 


3 ALE 


M/IOC 


18 Q 4 


3MCE 




19 20 1 2 3/ 
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READY C 

CLKC 
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MRDC 8CJ:© 
CMDLY 7 DfO 
MB 6 
ALE 5 
MCE 4[*0 




0=014 CENL 
0=Q15 CEN/AEN 
OsD16 DEN 
0=pi7 DT/R 
18 M/IO 



Figure 2. 82C288 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for the 82C288 bus controller. 



Symbol 


Type 


Name and Function 


CLK 


I 


SYSTEM CLOCK provides the basic timing control for the 82C288 in an 80286 
microsystem. Its frequency is twice the internal processor clock frequency. The falling 
edge of this input signal establishes when inputs are sampled and command and control 
outputs change. 


S0.5T 


I 


BUS CYCLE STATUS starts a bus cycle and, along with M/IO, defines the type of bus 
cycle. These inputs are active LOW. A bus cycle is started when either S1 or SO is 
sampled LOW at the falling edge of CLK. Setup and hold times must be met for proper 
operation. 


80286 Bus Cycle Status Definition 


M/IO 


S1 


so 


Type of Bus Cycle 







1 
1 
1 
1 





1 
1 




1 

1 




1 



1 



1 



1 


Interrupt Acknowledge 
I/O Read 
I/O Write 
None; Idle 
Halt or Shutdown 
Memory Read 
Memory Write 
None; Idle 


M/iS 


I 


MEMORY OR I/O SELECT determines whether the current bus cycle is in the memory 
space or I/O space. When LOW, the current bus cycle is in the I/O space. Setup and 
hold times must be met for proper operation. 


MB 


I 


MULTIBUS MODE SELECT determines timing of the command and control outputs. 
When HIGH, the bus controller operates with MULTIBUS I compatible timings. When 
LOW, the bus controller optimizes the command and control output timing for short bus 
cycles. The function of the CEN/AEN input pin is selected by this signal. This input is 
typically a strapping option and not dynamically changed. 


CENL 


I 


COMMAND ENABLE LATCHED is a bus controller select signal which enables the bus 
controller to respond to the current bus cycle being initiated. CENL is an active HIGH 
input latched internally at the end of each T$ cycle. CENL is used to select the 
appropriate bus controller for each bus cycle in a system where the CPU has more than 
one bus it can use. This input may be connected to Vcc to select this 82C288 for all 
transfers. No control inputs affect CENL. Setup and hold times must be met for proper 
operation. 


CMDLY 


I 


COMMAND DELAY allows delaying the start of a command. CMDLY is an active HIGH 
input. If sampled HIGH, the command output is not activated and CMDLY is again 
sampled at the next CLK cycle. When sampled LOW the selected command is enabled. If 
READY is detected LOW before the command output is activated, the 82C288 will 
terminate the bus cycle, even if no command was issued. Setup and hold times must be 
satisfied for proper operation. This input may be connected to GND if no delays are 
required before starting a command. This input has no effect on 82C288 control outputs. 


READY 


I 


READY indicates the end of the current bus cycle. READY is an active LOW input. 
MULTIBUS I mode requires at least one wait state to allow the command outputs to 


become active. READY must be LOW during reset, to force the 82C288 into the idle 
state. Setup and hold times must be met for proper operation. The 82C284 drives READY 
LOW during RESET. 



3-163 



inter 



82C288 



(F^KLOUW 



Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


CEN/AEN 


I 


COMMAND ENABLE/ADDRESS ENABLE controls the command and DEN 
outputs of the bus controller. CEN/AEN inputs may be asynchronous to CLK. 
Setup and hold times are given to assure a guaranteed response to 
synchronous inputs. This input may.be connected to Vcc or. GND. 

When MB is HIGH this pin has the AEN function. AEN is an actjve LOW input 
which indicates that the CPU has been granted use of a shared bus and the 
bus contoller command outputs may exit 3-state OFF and become inactive 
(HIGH). AEN HIGH indicates that the CPU does not have control of the shared 
bus and forces the command outputs into 3-state OFF and DEN inactive 
(LOW). 

When MB is LOW this pin has the CEN function. CEN is an unlatched active 
HIGH input which allows the bus controller to activate its command and DEN 
outputs. With MB LOW, CEN LOW forces the command and DEN outputs 
inactive but does not tristate them. 


ALE 





ADDRESS LATCH ENABLE controls the address latches used to hold an 
address stable during a bus cycle. This control output is active HIGH. ALE will 
not be issued for the halt bus cycle and is not affected by any of the control 
inputs. 


MCE 





MASTER CASCADE ENABLE signals that a cascade address from a master 
8259A interrupt controller may be placed onto the CPU address bus for 
latching by the address latches under ALE control. The CPU's address bus 
may then be used to broadcast the cascade address to slave interrupt 
controllers so only one of them will respond to the interrupt acknowledge cycle. 
This control output is active HIGH. MCE is only active during interrupt 
acknowledge cycles and is not affected by any control input. Using MCE to 
enable cascade address drivers requires latches which save the cascade 
address on the falling edge of ALE. 


DEN 





DATA ENABLE controls when data transceivers connected to the local data 
bus should be enabled. DEN is an active HIGH control output. DEN is delayed 
for write cycles in the MULTIBUS I mode. 


DT/R 





DATA TRANSMIT/RECEIVE establishes the direction of data flow to or from 
the local data bus. When HIGH, this control output indicates that a write bus 
cycle is being performed. A LOW indicates a read bus cycle. DEN is always 
inaptive when DT/R changes states. This output is HIGH when no bus cycle is 
active. DT/R is not affected by any of the control inputs. 


IOWC 





I/O WRITE COMMAND instructs an I/O device to read the data on the data 
bus. This command output is active LOW. The MB and CMDLY inputs control 
when this output becomes active. READY controls when it becomes inactive. 


IORC 





I/O READ COMMAND instructs an I/O device to place data onto the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when 
this output becomes active. READY controls when it becomes inactive. 


MWTC 


o 


MEMORY WRITE COMMAND instructs a memory device to read the data on 
the data bus. This command output is active LOW. The MB and CMDLY inputs 
control when this output becomes active. READY controls when it becomes 
inactive. 


MRDC 





MEMORY READ COMMAND instructs the memory device to place data onto 
the data bus. This command output is active LOW. The MB and CMDLY inputs 
control when this output becomes active. READY controls when it becomes 
inactive. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


ITsTTA 





INTERRUPT ACKNOWLEDGE tells an interrupting device that its interrupt 
request is being acknowledged. This command output is active LOW. The MB 
and CMDLY inputs control when this output becomes active. READY controls 
when it becomes inactive. 


v cc 




System Power: + 5V Power Supply 


GND 




System Ground: OV 



Table 2. Command and Control Outputs for Each Type of Bus Cycle 



Type of 
Bus Cycle 


M/IO 


S1 


so 


Command 
Activated 


DT/R 
State 


ALE, DEN 
Issued? 


MCE 
Issued? 


interrupt Acknowledge 











INTA 


LOW 


YES 


YES 


I/O Read 








1 


IORC 


LOW 


YES 


NO 


I/O Write 





1 







HIGH 


YES 


NO 


IOWC 


None; Idle 





1 


1 


None 


HIGH 


NO 


NO 


Halt/Shutdown 


1 








None 


HIGH 


NO 


NO 


Memory Read 


1 





1 




LOW 


YES 


NO 


MRDC 


Memory Write 


1 


1 







HIGH 


YES 


NO 


MWTC 


None; Idle 


1 


1 


1 


None 


HIGH 


NO 


NO 



Operating Modes 

Two types of buses are supported by the 82C288: 
MULTIBUS I and non-MULTIBUS I. When the MB 
input is strapped HIGH, MULTIBUS I timing is used. 
In MULTIBUS I mode, the 82C288 delays command 
and data activation to meet IEEE-796 requirements 
on address to command active and write data to 
command active setup timing. MULTIBUS I mode 
requires at least one wait state in the bus cycle since 
the command outputs are delayed. The non- 
MULTIBUS I mode does not delay any outputs and 
does not require wait states. The MB input affects 
the timing of the command and DEN outputs. 



Command and Control Outputs 

The type of bus cycle performed by the local bus 
master is encoded in the M/IO, S1, and SO inputs. 
Different command and control outputs are activat- 
ed depending on the type of bus cycle. Table 2 indi- 
cates the cycle decode done by the 82C288 and the 
effect on command, DT/R, ALE, DEN, and MCE out- 
puts. 

Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. Th e timing of the 
associated read command outputs (MRDC, IORC, 



and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output is acti- 
vated. The MCE control output is only asserted dur- 
ing interrupt acknowledge cycles. 

Write bus cycles activate different control and com- 
mand outputs with different timing than read bus cy- 
cles. Memory write and I/O write are w rite bus cy- 
cles w hose timing for command outputs (MWTC and 
IOWC), control outputs (ALE, DEN, DT/R) and con- 
trol inp uts (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical. They differ only in which com- 
mand output is activated. 

Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
ignored until the next bus cycle is started via S1 and 
SO. 



Static Operation 

All 82C288 circuitry is of static design. Internal regis- 
ters and logic are static and require no refresh as 
with dynamic circuit design. This eliminates the mini- 
mum operating frequency restriction placed on the 
HMOS 82288. The CHMOS III 82C288 can operate 
from DC to the appropriate upper frequency limit. 
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The clock may be stopped in either state (HIGH/ 
LOW) and held there indefinitely. 

Power dissipation is directly related to operating fre- 
quency. As the system frequency is reduced, so is 
the operating power. When the clock is stopped to 
the 82C288, power dissipation is at a minimum. This 
is useful for low-power and portable applications. 



FUNCTIONAL DESCRIPTION 



Introduction 

The 82C288 bus controller is used in 80286 systems 
to provide address latch control, data transceiver 
control, and standard level-type command outputs. 
The command outputs are timed and have sufficient 
drive capabilities for large TTL buses and meet all 
IEEE-796 requirements for MULTIBUS I. A special 
MULTIBUS I mode is provided to satisfy all address/ 
data setup and hold time requirements. Command 
timing may be tailored to special needs via a CMDLY 
input to determine the start of a command and 
READY to determine the end of a command. 

Connection to multiple buses are supported with a 
latched enable input (CENL). An address decoder 
can determine which, if any, bus controller should be 
enabled for the bus cycle. This input is latched to 
allow an address decoder to take full advantage of 
the pipelined timing on the 80286 local bus. 



Buses shar ed by several bus controllers are sup- 
ported. An AEN input prevents the bus controller 
from driving the shared bus command and data 
signals except when enabled by an external 
MULTIBUS I type bus arbiter. 

Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is eliminat- 
ed by disabling DEN before changing DT/R. The 
DEN timing allows sufficient time for tristate bus driv- 
ers to enter 3-state OFF before enabling other driv- 
ers onto the same bus. 

The term CPU refers to any 80286 processor or 
80286 support component which may become an 
80286 local bus master and thereby drive the 
82C288 status inputs. 



Processor Cycle Definition 

Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the 80286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. 
Status signals are always asserted beginning in 
Phase 1 of the local bus master's internal clock. 



-ONE PROCESSOR CLOCK CYCLE - 
ONE BUS T STATE — 



PHASE 1 

-OF PROCESSOR 

CLOCK CYCLE 
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Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82C288 bus controller has three bus states (see 
Figure 4): Idle (T|) Status (Ts) and Command (Tc). 
Each bus state is two CLK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The T| bus state occurs when no bus cycle is cur- 
rently active on the 80286 local bus. This state may 
be repeated indefinitely. When control of the local 
bus is being passed between masters, the bus re- 
mains in the T| state. 
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Figure 4. 82C288 Bus States 



Bus Cycle Definition 

The St and SO inputs signal the start of a bus cycle. 
When either input becomes LOW, a bus cycle is 
started. The Ts bus state is defined to be the two 
CLK cycles during which either 5T or §0 are active 
(see Figure 5). These inputs are sampled by the 
82C288 at every falling edge of CLK. When either 
S1 or 55 are sampled LOW, the next CLK cycle is 
considered the second phase of the internal CPU 
clock cycle. 

The local bus enters the Tc bus state after the Ts 
state. The shortest bus cycle may have one Ts state 
and one Tc state. Longer bus cycles are formed by 
repeating Tc state. A repeated Tc bus state is called 
a wait state. 



The READY input determines wheth er the c urrent 
Tc bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each Tc bus state 
to see if it is active. If sampled HIGH, the Tc bus 
state is repeated. This is called inserting a wait state. 
The control and command outputs do not change 
during wait states. 



When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the Ts bus state directly from Tc if the status 
lines are sampled active at the next falling edge of 
CLK. 
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Figure 5. Bus Cycle Definition 
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Figures 6 through 10 show the basic command and 
control output timing for read and write bus cycles. 
Halt bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CM D repre- 
sents the appropriate command output for the bus 
cycle. For Figures 6 through 10, the CMDLY input is 
connected to GND and CENL to Vcc- The effects of 
CENL and CMDLY are described later in the section 
on control inputs. 

Figures 6, 7 and 8 show non-MULTIBUS I cycles. 
MB is connected to GND while CEN is connected to 
Vqc- Rgure 6 shows a read cycle with no wait states 
while Figur e 7 sho ws a write cycle with one wait 
state. The READY input is shown to illustrate how 
wait states are added. 
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Figure 6. Idle-Read-Idle Bus Cycles with MB - 
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Figure 7. Idle-Write-ldle Bus Cycles with MB = 
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Bus cycles can occur back to back with no T| bus 
states between Tc and Ts- Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within Ts, Tc or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = 0. In this case, DT/R 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 

Figur es 9 a nd 10 show a MULTIBUS I cycle with MB 
= 1. AEN and CMDLY are connected to GND. The 
effects of CMDLY and AEN are described later in 
the section on control inputs. Figure 9 shows a read 
cycle with one wait state and Figure 10 shows a 
write cycle with two wait states. The second wait 
state of the write cycle is shown only for e xample 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 
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Figure 8. Write-Write Bus Cycles with MB = 
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Figure 9. Idle-Read-ldle Bus Cycles with 1 Wait State and with MB = 1 
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Figure 10. Idle-Write-ldle Bus Cycles with 2 Wait States and with MB = 1 



The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are automat- 
ically delayed in MULTIBUS I mode to satisfy three 
requirements: 

1) 50 ns minimum setup time for valid address be- 
fore any command output becomes active. 

2) 50 ns minimum setup time for valid write data 
before any write command output becomes ac- 
tive. 

3) 65 ns maximum time from when any read com- 
mand becomes inactive until the slave's read 
data drivers reach 3-state OFF. 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

1) The HIGH to LOW t r ansition of t he re ad com- 
mand outputs (J.ORC, MRDC, and INTA) are de- 
layed one CLK cycle. 

2) The HIGH to L OW tr ansiti on of th e write com- 
mand outputs (IOWC and MWTC) are delayed 
two CLK cycles. 

3) The LOW to HIGH transition of DEN for write cy- 
cles is delayed one CLK cycle. 



Back to back bus cycles with MB = 1 do not change 
the timing of any of the command or control outputs. 
DEN always becomes inactive between bus cycles 
with MB = 1. 

Except for a halt or shutdown bus cycle, ALE will be 
issued during the second half of T§ for any bus cy- 
cle. ALE becomes inactive at the end of the Ts to 
allow latching the address to keep it stable during 
the entire bus cycle. The address outputs may 
change during Phase 2 of any Jq bus state. ALE is 
not affected by any control input. 

Figure 1 1 shows how MCE is timed during interrupt 
acknowledge (INTA) bus cycles. MCE is one CLK 
cycle longer than ALE to hold the cascade address 
from a master 8259A valid after the falling edge of 
ALE. With the exception of the MCE control output, 
an INTA bus cycle is identical in timing to a read bus 
cycle. MCE is not affected by any control input. 
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Figure 11. MCE Operation for an INTA Bus Cycle 



Control Inputs 

The control intputs can alter the basic timing of com- 
mand outputs, allow interfacing to multiple buses, 
and share a bus between different masters. For 
many 80286 systems, each CPU will have more than 
one bus which may be used to perform a bus cycle. 
Normally, a CPU will only have one bus controller 
active for each bus cycle. Some buses may be 
shared by more than one CPU (i.e. MULTIBUS) re- 
quiring only one of them use the bus at a time. 

Systems with multiple and shared buses use two 
control inp ut sig nals of the 82C288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus c ontroller to control the current bus cycle. The 
AEN input prevents a bu s controller from driving its 
command outputs. AEN HIGH means that another 
bus controller may be driving the shared bus. 

In Figure 12, two buses are shown: a local bus and a 
MULTIBUS I. Only one bus is used for each CPU 
bus cycle. The CENL inputs of the bus controller 
select which bus controller is to perform the bus cy- 
cle. An address decoder determines which bus to 
use for each bus cycle. The 82C288 connected to 
the shared MULTIBUS I must be selected by CENL 
and be given access to the MULTIBUS I by AEN 
before it will begin a MULTIBUS I operation. 



CENL must be sampled HIGH at the end of the Ts 
bus state (see waveforms) to enable the bus control- 
ler to activate its command and control outputs. If 
sampled LOW the commands and DEN will not go 
active and DT/R will remain HIGH. T he bus c ontrol- 
ler will ignore the CMDLY, CEN, and READY inputs 
until another bus cycle is started via S1 and SO. 
Since an address decoder is commonly used to 
identify which bus is required for each bus cycle, 
CENL is latched to avoid the need for latching its 
input. 

The CENL input can affect the DEN control output. 
When MB = 0, DEN normally becomes active dur- 
ing Phase 2 of Ts in write bus cycles. This transition 
occurs before CENL is sampled. If CENL is sampled 
LOW, the DEN output will be forced LOW during Tc 
as shown in the timing waveforms. 

When MB = 1, CEN/AEN becomes AEN. AEN con- 
trols when the bus contr oller command outputs en- 
ter and exit 3-state OFF. AEN is intended to be driv- 
en by a MULTIBUS I type bus arbiter, which assures 
only one bus co ntrolle r is driving the shared bus at 
any time. When AEN makes a LOW to HIGH tran- 
sition, the command outputs immediately enter 
3-state OFF and DEN is forced inactive. An inactive 
DEN should force the local data transceivers con- 
nected to the shared data bus into 3-state OFF (see 
Figure 12). The LOW to HIGH transition of AEN 
should only occur during T| or Ts bus states. 

The HIGH to LOW transition of AEN signals that the 
bus controller may now drive the shared bus com- 
mand signals. Since a bus cycle may be active or be 
in the process of st arting , AEN can become active 
during any T-state. AEN LOW immediately allows 
DEN to go to the appropriate state. Three CLK edg- 
es later, the command outputs will go active (see 
timing waveforms). The MULTIBUS I requires this 
delay for the address and data to be valid on the bus 
before the command becomes active. 

When MB = 0, CEN/AEN becomes CEN. CEN is an 
asynchronous input which immediately affects the 
command and DEN outputs. When CEN makes a 
HIGH to LOW transition, the commands and DEN 
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are immediately forced inactive. When CEN makes a 
LOW to HIGH transition, the commands and DEN 
outputs immediatel y go to th e appropriate state (see 
timing waveforms). READY must still become active 
to terminates bus cycle if CEN remains LOW for a 
selected bus controller (CENL was latched HIGH). 



Some memory or I/O systems may require more ad- 
dress or write data setup time to command active 
than provided by the basic command output timing. 
To provide flexible command timing, the CMDLY in- 
put can delay the activation of command outputs. 
The CMDLY input must be sampled LOW to activate 
the command outputs. CMDLY does not affect the 
control outputs ALE, MCE, DEN, and DT/R. 
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Figure 12. System Use of AEN and CENL 
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CMDLY is first sampled on the falling edge of the 
CLK ending Ts. If sampled HIGH, the command out- 
put is not activated, and CMDLY is again sampled 
on the next falling edge of CLK. Once sampled 
LOW, the proper command output becomes active 
immediately if MB = 0. If MB = 1, the proper com- 
mand goes active no earlier than shown in Figures 9 
and 10. 



READY can terminate a bus cycle before CMDLY 
allows a command to be issued. In this case no 
commands are issued an the bus controller will de- 
activate DEN and DT/R in the same manner as if a 
command had been issued. 



sitions of all signals in all modes. Instead, all signal 
timing relationships are shown via the general cas- 
es. Special cases are shown when needed. The 
waveforms provide some functional descriptions of 
the 82C288; however, most functional descriptions 
are provided in Figures 5 through 1 1 . 

To find the timing specification for a signal transition 
in a particular mode, first look for a special case in 
the waveforms. If no special case applies, then use 
a timing specification for the same or related func- 
tion in another mode. 



Waveforms Discussion 

The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to + 70°C 

Storage Temperature - 65°C tp + 1 50°C 

Voltage on Any Pin with 
Respect to GND - 0.5V to + 7V 

Power Dissipation 1 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS v C c = 5V ±5%,t CA se = o o cto85°c* 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input LOW Voltage 


-0.5 


0.8 


V 




V| H 


Input HIGH Voltage 


2.0 


V C C + 0.5 


V 




V|LC 


CLK Input LOW Voltage 


-0.5 


0.6 


V 




V|HC 


CLK Input HIGH Voltage 


3.8 


Vcc + 0.5 


V 




Vol 


Output LOW Voltage 
Command Outputs 
Control Outputs 




0.45 
0.45 


V 
V 


I l = 32 mA (Note 1) 
I l= 16 mA (Note 2) 


Voh 


Output HIGH Voltage 
Command Outputs 

Control Outputs 


2.4 
V C c ~ 0.5 

2.4 
Vcc ~ 0.5 




V 
V 
V 
V 


Ioh = ~5mA(Note1) 
Iqh = -1 mA(Notel) 
Ioh = -1 mA(Note2) 
Iqh = -0.2 mA (Note 2) 


IlL 


Input Leakage Current 




±10 


juA 


ov <; v, N <; Vcc 


«lo 


Output Leakage Current 




±10 


jllA 


0.45V £ Vqut ^ V C c 


'cc 


Power Supply Current 




75 


mA 




'ccs 


Power Supply Current (Static) 




1 


mA 


(Note 3) 


C CLK 


CLK Input Capacitance 




12 


pF 


F c = 1 MHz 


C| 


Input Capacitance 




10 


pF 


F c = 1 MHz 


c 


Input/Output Capacitance 




20 


PF 


F c = 1 MHz 



*Ta is guaranteed from 0°C to + 70°C as long as Tqase is not exceeded. 

NOTES: 

1. Command Outputs are INTA, IORC, IOWC, MRDC and MWRC. 

2. Control Outputs are DT/R, DEN, ALE and MCE. 

3. Tested while outputs are unloaded, and inputs at Vcc or Vss- 
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A.C. CHARACTERISTICS 



V CC = 5V, 
illustrated in 


±5%, Tqase = 0°C to +85°C* AC timings are 
data sheet waveforms, unless otherwise noted. 


referenced to 0.8V and 2.0V points of signals as 


Symbol 


Parameter 


8 MHz 
(Advance) 


10 MHz 
(Advance) 


12.5 MHz 
(Advance) 


Unit 


Test 
Condition 


-8 
Min 


-8 
Max 


-10 
Mfn 


-10 
Min 


-12 
Min 


-12 
Max 


1 


CLK Period 


62 


250 


50 


250 


40 


250 


ns 




2 


CLK HIGH Time 


20 




16 




13 




ns 


at 3.6V 


3 


CLK LOW Time 


15 




12 




11 




ns 


at 1.0V 


4 


CLK Rise Time 




10 




8 




8 


ns 


1.0V to 3.6V 


5 


CLK Fall Time 




10 




8 




8 


ns 


3.6V to 1.0V 


6 


M/IO and Status 
Setup Time 


22 




18 




15 




ns 




7 


M/IO and Status 
Hold Time 


1 




1 




1 




ns 




8 


CENL Setup Time 


20 




15 




15 




ns 




9 


CENL Hold Time 


1 




1 




1 




ns 




10 




38 




26 




18 




ns 




READY Setup Time 


11 




25 




25 




20 




ns 




READY Hold Time 


12 


CMDLY Setup Time 


20 




15 




15 




ns 




13 


CMDLY Hold Time 


1 




1 




1 




ns 




14 


AEN Setup Time 


20 




15 




15 




ns 


(Note 3) 


15 


AEN Hold Time 

















ns 


(Note 3) 


16 


ALE, MCE Active 
Delay from CLK 


3 


20 


3 


16 


3 


16 


ns 


(Note 4) 


17 


ALE, MCE Inactive 
Delay from CLK 




25 




19 




19 


ns 


(Note4) 


18 


DEN (Write) 
Inactive from CENL 




35 




23 




23 


ns 


(Note 4) 


19 


DT/R LOW from CLK 




25 




23 




23 


ns 


(Note 4) 


20 


DEN (Read) ActiveR 
from DT/ 


5 


35 


5 


21 N 


5 


21 


ns 


(Note 4) 


21 


DEN (Read) Inactive 
Dly from CLK 


3 


35 


3 


21 


3 


19 


ns 


(Note 4) 


22 


DT/R HIGH from 
DEN Inactive 


5 


35 


5 


20 


5 


18 


ns 


(Note 4) 


23 


DEN (Write) Active 
Delay from CLK 




30 




23 




23 


ns 


(Note 4) 


24 


DEN (Write) Inactive 
Dly from CLK 


3 


30 


3 


19 


3 


19 


ns 


(Note 4) 



*Ta is guaranteed from 0°C to + 70°C as long as Tqase is n °t exceeded. 
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A.C. CHARACTERISTICS 

Vqc = 5V, ±5%,TcaSE = 0°G^o +85°C* AC timings are referenced to 0.8V and 2.0V points of signals as 
illustrated in data sheet waveforms, unless otherwise noted. (Continued) 



Symbol 


Parameter 


8 MHz 
(Advance) 


10 MHz 
(Advance) 


12.5 MHz 
(Advance) 


Unit 


Test 
Condition 


-8 
Min 


-8 
Max 


-10 
Min 


-10 
Min 


-12 
Min 


-12 
Max 


25 


DEN Inactive from 
CEN 




30 




25 




25 


ns 


(Note 4) 


26 


DEN Active from 
CEN 




30 




24 




24 


ns 


(Note 4) 


27 


DT/R HIGH from CLK 
(when CEN - LOW) 




35 




25 




25 


ns 


(Note 4) 


28 


DEN Active from AEN 




30 




26 




26 


ns 


(Note 4) 


29 


CMD Active Delay 
from CLK 


3 


25 


3 


21 


3 


21 


ns 


(Note 5) 


30 


CMD Inactive Delay 
from CLK 


5 


20 


5 


20 


5 


20 


ns 


(Note 5) 


31 


CMD Active from 
CEN 




25 




25 




25 


ns 


(NoteS) 


32 


CMD Inactive from CEN 




25 




25 




25 


ns 


(Note 5) 


33 


CMD Inactive Enable from AEN 




40 




40 




40 


ns 


(Note 5) 


34 


CMD Float Delay from AEN 




40 




40 




40 


ns 


(Note 6) 


35 


MB Setup Time 


20 




20 




20 




ns 




36 


MB Hold Time 


"0 














ns 




37 


Command I nactive Enable 
from MB 1 




40 




40 




40 


ns 


(Note 5) 


38 


Command Float Time from MB f 




40 




40 




40 


ns 


(Note 6) 


39 


DEN Inactive from MB f 




30 




26 




26 


ns 


(Note 4) 


40 


DEN Active from MB I 




30 




30 




30 


ns 


(Note 4) 



*Ta Is guaranteed from 0°C to + 70°C as long as Tqase is not exceeded. 

NOTES: 

3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK 
edge. 

4. Control output load: CI = 150 pF. 

5. Command output load: CI = 300 pF. 

6. Float condition occurs when output current is less than I lo in magnitude. 




Note 7: AC Drive and Measurement Points— CLK Input 
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Note 8: AC Setup, Hold and Delay Time Measurement— General 
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Note 9: AC Test Loading on Outputs 
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WAVEFORMS (Continued) 

STATUS, ALE, MCE, CHARACTERISTICS 
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CENL, CMDLY, DEN CHARACTERISTICS WITH MB = AND CEN = 1 DURING WRITE CYCLE 
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READ CYCLE CHARACTERISTICS WITH MB = AND CEN = 1 
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WAVEFORMS (Continued) 

WRITE CYCLE CHARACTERISTIC WITH MB = AND CEN = 1 
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WAVEFORMS (Continued) 

AEN CHARACTERISTICS WITH MB = 1 




N OTE: 

1 . AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. 



MB CHARACTERISTICS WITH AEN/CEN = HIGH 
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WAVEFORMS (Continued) 

MB CHARACTERISTICS WITH AEN/CEN = HIGH (Continued) 
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NOTES: 

1. MB is an asynchronous input. MB setup and hold times specifi ed to guarantee the response shown in the waveforms. 

2. If the setup time, t35, is met two clock cycles will occur before CMD becomes active after the falling edge of MB. 

DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -001 data sheet. Please review this summa- 
ry carefully. 

1. The 82C288 data sheet has been upgraded from "ADVANCED" to "PRELIMINARY". 
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CLOCK GENERATOR AND READY INTERFACE 

FOR 80286 PROCESSORS 

(82C284-12, 82C284-10, 82C284-8) 



Generates System Clock for 80286 
Processors 

Uses Crystal or TTL Signal for 
Frequency Source 

Provides Local READY and 
MULTIBUS®! READY Synchronization 

Single + 5V Power Supply 



CHMOS III Technology 

Generates System Reset Output 

Available in 18- Lead Cerdip and 20-Pin 
PLCC (Plastic Leaded Chip Carrier) 
Packages 

(See Packaging Spec, Order #231369) 



The 82C284 is a clock generator/driver wh ich prov ides clock signals for 80286 processors and support 
components. It also contains logic to supply READY to the CPU from either asynchronous or synchronous 
sources and synchronous RESET from an asynqhronous input. 
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Figure 1. 82C284 Block Diagram 
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18-Lead Cerdip 


ARDYC 1 

8RDYC 2 

SRDYEN C 3 

READY C 4 

EFIC 5 

F/CC 6 

X,C 7 

X 2 C 8 

GNDC 9 


^^18 3V CC 

17 3 ARDYEN 

16 Dsi 

15 Dso 
82C284 14DN.C. 

13 3 PCLK 

12 DRESET 

11 DRES 

10DCLK ' 


P.C. Board Views— As viewed from the compo- 
nent side of the P.C. Board. 


210453-2 

Component Pad Views— As viewed from under- 
side of component when mounted on the board. 
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Figure 2. 82C284 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for the 82C284 clock generator. 



Symbol 


Type 


Name and Function 


CLK 





SYSTEM CLOCK is the signal used by the processor and support 
devices which must be synchronous with the processor. The frequency 
of the CLK output has twice the desired internal processor clock 
frequency. CLK can drive both TTL and MOS level inputs. 


F/C 


I 


FREQUENCY/CRYSTAL SELECT is a strapping option to select the 
source for the CLK output. When F/C is strapped LOW, the internal 
crystal oscillator drives CLK. When F/C is strapped HIGH, the EFI 
input drives the CLK output. 


X1,X2 


I 


CRYSTAL IN are the pins to which a parallel resonant fundamental 
mode crystal is attached for the internal oscillator. When F/C is LOW, 
the internal oscillator will drive the CLK output at the crystal frequency. 
The crystal frequency must be twice the desired internal processor 
clock frequency. 


EFI 


I 


EXTERNAL FREQUENCY IN drives CLK when the F/C input is 
strapped HIGH. The EFI input frequency must be twice the desired 
internal processor clock frequency. 


PCLK 





PERIPHERAL CLOCK is an output which provides a 50% duty cycle 
clock with 1 /2 the frequency of CLK. PCLK will be in phase with the 
internal processor clock following the first bus cycle after the 
processor has been reset. 


ARDYEN 


I 


ASYNCHRONOUS READY ENABLE is an active LOW input which 


qualifies the ARDY input. ARDYEN selects ARDY as the source of 
ready for the current bus cycle. Inputs to ARDYEN may be applied 
asynchronously to CLK. Setup and hold times are given to assure a 
guaranteed response to synchronous inputs. 


ARDY 


I 


ASYNCHRONOUS READY is an active LOW input used to terminate 
the current bus cycle. The ARDY input is qualified by ARDYEN. Inputs 
to ARDY may be applied asynchronously to CLK. Setup and hold times 
are given to assure a guaranteed response to synchronous outputs. 


SRDYEN 


I 


SYNCHRONOUS READY ENABLE is an active LOW input which 


qualifies SRDY. SRDYEN selects SRDY as the source for READY to 
the CPU for the current bus cycle. Setup and hold times must be 
satisfied for proper operation. 


SRDY 


I 


SYNCHRONOUS READY is an active LOW input used to terminate 
the current bus cycle. The SRDY input is qualified by the SRDYEN 
input. Setup and hold times must be satisfied for proper operation. 


READY 





READY is an active LOW output which signals the current bus cycle is 
to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, S1 , SO and 
RES inputs control READY as explained later in the READY generator 


section. READY is an open drain output requiring an external pull-up 
resistpr. 
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Table 1. Pin Description (Continued) 
The following pin function descriptions are for the 82C284 clock generator. 



Symbol 


Type 


Name and Function 


S0,ST 


I 


STATUS input prepare the 82C284 for a subsequent bus cycle. SO and 
§T synchronize PCLK to the internal processor clock and control 
READY. These inputs have internal pull-up resistors to keep them 
HIGH if nothing is driving them. Setup and hold times must be satisfied 
for proper operation. 


RESET 





RESET is an active HIGH output which is derived from the RES input. 
RESET is used to force the system into an initial state. When RESET is 
active, READY will be active (LOW). 


RE§ 


I 


RESET IN is an active LOWinput which generates the system reset 
signal, RESET. Signals to RES may be applied asynchronously to CLK. 
Setup and hold times are given to assure a guaranteed response to 
synchronous inputs. 


Vcc 




SYSTEM POWER: + 5V Power Supply 


GND 




SYSTEM GROUND: OV 



FUNCTIONAL DESCRIPTION 



Introduction 

The 82C284 generates the clock, ready, and reset 
signals required for 80286 processors and support 
components. The 82C284 is packaged in an 18-pin 
DIP and contains a crystal controlled oscillator, 
clock generator, peripheral clock generator, Multi- 
bus ready synchronization logic and system reset 
generation logic. 



PCLK to the internal processor clock. The phase of 
the PCLK output changes by extending its HIGH 
time beyond one system clock (see waveforms). 
PCLK is forced HIGH whenever either SO or S1 were 
active (LOW) for the two previous CLK cycles. PCLK 
continues to oscillate when both SO and S1 are 
HIGH. 

Since the phase of the internal processor clock will 
not change except during reset, the phase of PCLK 
will not change except during the first bus cycle after 
reset. 



Clock Generator 

The CLK output provides the basic timing control for 
an 80286 system. CLK has output characteristics 
sufficient to drive MOS devices. CLK is generated by 
either an internal crystal oscillator or an external 
source as_ selected by the F/C strapping option. 
When F/C is LOW, the crystal oscillator drives the 
CLK output. When F/C is HIGH, the EFI input drives 
the CLK output. 

The 82C284 provides a second clock output, PCLK, 
for peripheral devices. PCLK is CLK divided by two. 
PCLK has a duty cycle of 50% and MOS output 
drive characteristics. PCLK is normally synchronized 
to the internal processor clock. 

After reset, the PCLK signal may be out of phase 
with the internal processor clock. The S1 and SO 
signals of the first bus cycle are used to synchronize 



Oscillator 

The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel reso- 
nant, fundamental mode, crystal. The output of the 
oscillator is internally buffered. The crystal frequency 
chosen should be twice the required internal proces- 
sor clock frequency. The crystal should have a typi- 
cal load capacitance of 32 pF. 

X1 and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capac- 
itors are recommended, as shown in Table 2. The 
sum of the board capacitance and loading capaci- 
tance should equal the values shown. It is advisable 
to limit stray board capacitances (not including the 
effect of the loading capacitors or crystal capaci- 
tance) to less than 10 pF between the X1 and X2 
pins. Decouple Vcc and GND as close to the 
82C284 as possible. 
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Figure 3. Recom mended Crystal 
and READY Connections 



CLK Termination 

Due to the CLK output having a very fast rise and fall 
time, it is recommended to properly terminate the 
CLK line at frequencies above 10 MHz to avoid sig- 
nal reflections and ringing. Termination is accom- 
plished by inserting a small resistor (typically 1011- 
74 ft) in series with the output, as shown in Figure 4. 
This is known as series termination. The resistor val- 
ue plus the circuit output impedance should be 
made equal to the impedance of the transmission 
line. 



OUT 



T -vw— £][ 



TRANSMISSION 
LINE 



N CLOSELY 

V-*- PLACED 
LOADS 



-AAA- 



<L 



CLOSELY 
PLACED 
LOADS 
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Figure 4. Series Termination 



Reset Operation 

The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is active (LOW ), the RESET output becomes 
active (HIGH). RES is synchronized internally at the 
falling edge of CLK before generating the R ESET 
output (see waveforms). Synchronization of the RES 
input introduces a one or two CLK delay before af- 
fecting the RESET output. 

At power up, a system does not have a sta ble V cc 
and CLK. To prevent spurious activity, RES should 



be asserted until V cc and CLK stabilize at their oper- 
ating values. 80286 processors and support compo- 
nents also require their RESET inputs be HIGH a 
minimum of 16 CLK cycle s. A network such as 
shown in Figure 5 will keep RES LOW long enough 
to satisfy both needs. 



v cc 

1N914j[ ^1 



Jz^o— jz^O- 11 RES 



r^SAA • ' >— fg^O— »3^0- 

JO 47X1 + i£ 14 ^ 4U 

Ho =j=io A 



0/iF 



Figure 5. Typical RES Timing Circuit 



Ready Operation 

The 82C284 accepts two ready sources for the sys- 
tem ready signal which termin ates th e current bus 
cycle. Eithe r a sy nchronous (SRDY) or asynchro- 
nous ready (ARDY) s ource ma y be used. Eac h ready 
input has an enable (SRDYEN and ARDYEN) for se- 
lecting the type of ready source required to termi- 
nate the current bus cycle. An address decoder 
would normally select one of the enable inputs. 



READY is 
SRDYEN = 



enabled 

or ARDY 



(LOW), if either 
+ ARDYEN 



SRDY + 
= when 



sampled by the 82C284 READY generation logic. 
READY will remain active for at least two CLK cy- 
cles. 



The READY output has an open-drain driver allow- 
ing other ready circuits to be w ire or'ed with "if, 'as 
shown in Figure 3. The READY signal of an 80286 
syst em requ ires an external pull-up resistor. To force 
the READY si gnal inac tive (HIGH) at the start of_a 
buscycle, the READY output floats when either S1 
or SO are sampled LOW at the falling edge of CLK. 
Two system clock periods a re allowed for the pull-up 
resistor to pul l the RE ADY signal to Vm- When RE- 
SET is active, READY is forced active one CLK later 
(see waveforms). 



Figure 6 illustrates the operation of SRDY and 
SRDYEN. These inputs arejsampled on the falling 
edge of CLK when S1 and SO are inactive and PCLK 
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is H IGH. REA DY is forced active when both SRDY 
and SRDYEN are sampled as LOW. 



Figure 7 shows the operation of ARDY and 
ARDYEN. These inputs are sampled by an internal 
synchronizer at each falling edge of CLK. The output 
of the synchronizer is then sampled when P CLK is 
HIGH. If the synchronizer resolved both the ARDY 



and ARDYEN as active, the SR D Y and SRD YEN in- 
puts are ignored. Either ARDY or ARDYEN must be 
HIGH at the end of Ts (see Figure 7). 



READY remains active until either S1 or SO are sam- 
pled LOW, or the ready inputs are sampled as inac- 
tive. 



Table 2. 82C284 Crystal Loading Capacitance Values 



Crystal Frequency 


C1 Capacitance 
(Pin 7) 


C2 Capacitance 
(Pin 8) 


1 to 8 MHz 

8 to 20 MHz 

Above 20 MHz 


60 pF 
25 pF 
15 pF 


40 pF 
15 pF 
15pF 



NOTE: 

Capacitance values must include stray board capacitance. 
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Figure 6. Synchronous Ready Operation 
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Figure 7. Asynchronous Ready Operation 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to + 70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages ...... 0.5V to + 7V 

All Input Voltages. -1.0V to +5.5V 

Power Dissipation . . 1 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T C ase = o°Cto +85°C* v C c = 5V ±5% 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|L 


Input LOW Voltage 




0.8 


V 




V| H 


Input HIGH Voltage 


2.0 




V 




V|HR 


RlS and EFI Input HIGH Voltage 


2.6 




V 




Vol 


RESET, PCLK Output LOW Voltage 




0.45 


V 


lOL = 5 mA 


v 0H 


RESET, PCLK Output 
HIGH Voltage 


2.4 




V 


Iqh = -1 mA 


Vcc-0.5 




V 


Ioh s -0.2 mA 


VoLR 


READY, Output LOW Voltage 




0.45 


V 


Iol = 9 mA 


VoLC 


CLK Output LOW Voltage 




0.45 


V 


Iql = 5 mA 


VOHC 


CLK Output HIGH Voltage 


4.0 




V 


| 0H = - 800 ju,A 


IlL 


Input Sustaining Current 
on §0 and S1 Pins 


30 


500 


ju,A 


V IN = 0V 


«LI 


Input Leakage Current 




±10 


juA 


o <; v, N <; v cc < 1 > 


•cc 


Power Supply Current 




75 


mA 


at 25 MHz Output 
CLK Frequency 


C| 


Input Capacitance 




10 


pF 


F c = 1 MHz 



*Ta is guaranteed from 0°C to +70°C as long as Tqase is not exceeded. 

NOTE: 

1 . Status lines SO and S1 excluded because they have internal pull-up resistors. 
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A.C. CHARACTERISTICS v C c = 5V ±5%,t C ase = o°cto +85°c* 

Timings are referenced to 0.8V and 2.0V points of signals as illustrated in the datasheet waveforms, unless 
otherwise noted. 



82C284 A.C. Timing Parameters 



Symbol 


Parameter 


8.0 MHz 


10.0 MHz 


12.5 MHz 


Units 


Test 
Conditions 


Preliminary 


Preliminary 


Preliminary 


Min 


Max 


Mln 


Max 


Min 


Max 


1 


EFI to CLK Delay 




25 




25 




25 


ns 


At 1.5V (D 


2 


EFI LOW Time 


28 




22.5 




13 




ns 


At 1.5V (1.7) 


3 


EFI HIGH Time 


28 




22.5 




22 




ns 


At 1.5V d.T) 


4 


CLK Period 


62 


500 


50 


500 


40 


500 


ns 




5 


CLK LOW Time 


15 




12 




11 




ns 


At 1.0V 0.2, 7, 8, 9, 10) 


6 


CLK HIGH Time 


25 




16 




13 




ns 


At 3.6V 0.2, 7, 8, 9, 10) 


7 


CLK Rise Time 




10 




8 




8 


ns 


1.0V to 3.6V 0.2, 10, 11) 


8 


CLK Fall Time 




10 




8 




8 


ns 


3.6V to 1.0V 0.9, 10, 11) 


9 


Status Setup Time 


22 




— ' 




— 




ns 


(Notel) 


9a 


Status Setup Time for 
Status Going Active 


— 




20 




22 




ns 


(Notel) 


9b 


Status Setup Time for 
Status Going Inactive 


— 




20 




18 




ns 


(Notel) 


10 


Status Hold Time 


1 




1 




3 




ns 


(Notel) 


11 


SRDYorSRDYEN 
Setup Time 


17 




15 




15 




ns 


(Notel) 


12 


SRDYorSRDYEN 
Hold Time 







2 




2 




ns 


(Notes 1,11) 


13 


ARDYorARDYEN 
Setup Time 

















ns 


(Notes 1,3) 


14 


ARDYorARDYEN 
Hold Time 


30 




30 




25 




ns 


(Notes 1,3) 


15 


RES Setup Time 


20 




20 




18 




ns 


(Notes 1,3) 


16 


RES Hold Time 


10 




10 




8 




ns 


(Notes 1,3) 


17 


READY Inactive Delay 


5 




5 




5 




ns 


At 0.8V (4) 


18 


READY Active Delay 





24 





24 





18 


ns 


At 0.8V (4) 


19 


PCLK Delay 





45 





35 





23 


ns 


(Note 5) 


20 


RESET Delay 


5 


34 


5 


27 


3 


22 


ns 


(Note 5) 


21 


PCLK LOW Time 


t4-20 




t4-20 




T4-20 




ns 


(Notes 5, 6) 


22 


PCLK HIGH Time 


t4-20 




t4-20 




T4-20 




ns 


(Notes 5, 6) 



*Ta is guaranteed from 0°C to 70°C as long as Tqase is not exceeded. 

NOTES: 

1. CLK loading: C|_ = 100 pF. The 82C284's X1 and X2 inputs are designed primarily for parallel-resonant crystals. Serial- 
resonant crystals may also be used, however, they may oscillate up to 0.01 % faster than their nominal frequencies when 
used with the 82C284. For either type of crystal, capacitive loading should be as specified by Table 2. 

2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting speci- 
fications t2 and t3. The recommended crystal loading for CLK frequencies of 8 MHz-20 MHz are 25 pF from pin X-| to 
ground, and 15 pF from pin X2 to ground; for CLK frequencies above 20 MHz 15 pF from pin X1 to ground, and 15 pF from 
pin X2 to ground. These recommended values are ±5 pF and include all stray capacitance. Decouple V<x and GND as 
close to the 82C284 as possible. 

3. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK 
edge. 
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NOTES: 

4. Pull-up Resistor values for READY Pin: 



CPU Frequency 


8 MHz 


10 MHz 


12.5 MHz 


Resistor 
CL 
lOL 


91 bn 

150 pF 
7 mA 


70on 

150pF 
7 mA 


60on 

150 pF 
9 mA 



5. PCLK and RESET loading: C L = 75 pF. 

6. t4 refers to any allowable CLK period. 

7. When driving the 82C284 with EFI, provide minimum EFI HIGH and LOW times as follows: 



CLK Output Frequency 


16 MHz 


20 MHz 


25 MHz 


Min. Required EFI HIGH Time 
Min. Required EFI LOW Time 


28 ns 
28 ns 


22.5 ns 
22.5 ns 


22 ns 
13 ns 



8. When using a crystal (with recommended capacitive loading per Table 2) appropriate for the speed of the 80286, CLK 
output HIGH and LOW times guaranteed to meet the 80286 requirements. 



Reset Drive EFI Drive and 
Measurement Points 



3.0V| ' \ 

1.5V -f- X-1.51 
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CLK Output Measurement 
Points 



F/C Drive Points 




Note 10 



Note 11 
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Note 12. AC Setup, Hold and Delay Time Measurement— General 



3-190 



iny 



82C284 





Vcc 




Vcc 






PCLK <. 


750ohm^ 




910ohm^ 


> 


Other ^ 






) 


READY <*. 






output w 




output *^ 




outputs v 








75pF = 












<* — 




150pF — 
































210453-11 



Note 13. AC Test Loading on Outputs 



WAVEFORMS 

CLK as a Function of EFI 
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NOTE: 

The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown. 



RESET a nd READY Timing as a Function of RES with S1, SO, ARDY + ARDYEN, and SRDY + 
SRDYENHigh 



>■©— i 




READY 
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NOTE: 

1 . This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 
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WAVEFORMS (Continued) 



READY and PCLK Timing with RES High 
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NOTES: 

1. T his is a n a synchrono us input, th e setup an d hold times shown are required to guarantee the response shown^ 



2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/or during the first bus cycle after RESET, READY 
may not be deasserted until after the falling edge of <J>2 of Ts- 
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ice 


vs Case Temperature @ 25 MHz 
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DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -008 data sheet. Please review this summa- 
ry carefully. 

1. The "PRELIMINARY" markings have been removed from the data sheet. 
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386TM MICROPROCESSOR 

HIGH PERFORMANCE 32-BIT CHMOS MICROPROCESSOR 

WITH INTEGRATED MEMORY MANAGEMENT 



Flexible 32-Bit Microprocessor 

— 8, 16, 32-Bit Data Types 

— 8 General Purpose 32-Bit Registers 

Very Large Address Space 

— 4 Gigabyte Physical 

— 64 Terabyte Virtual 

— 4 Gigabyte Maximum Segment Size 

Integrated Memory Management Unit 

— Virtual Memory Support 

— Optional On-Chip Paging 

— 4 Levels of Protection 

— Fully Compatible with 80286 

Object Code Compatible with All 8086 
Family Microprocessors 

Virtual 8086 Mode Allows Running of 
8086 Software in a Protected and 
Paged System 

Hardware Debugging Support 



Optimized for System Performance 

— Pipelined Instruction Execution 

— On-Chip Address Translation Caches 
— 16, 20 and 25 MHz Clock 

— 32, 40 and 50 Megabytes/Sec Bus 
Bandwidth 

High Speed Numerics Support via 
80387 Coprocessor 

Complete System Development 
Support 

— Software: C, PL/M, Assembler 
System Generation Tools 

— Debuggers: PSCOPE, ICEtm-386 

High Speed CHMOS III and CHMOS IV 
Technology 

132 Pin Grid Array Package 

(See Packaging Specification, Order # 23 1 369) 



The 386tm Microprocessor is an advanced 32-bit microprocessor designed for applications needing very high 
performance and optimized for multitasking operating systems. The 32-bit registers and data paths support 
32-bit addresses and data types. The processor addresses up to four gigabytes of physical memory and $4 
terabytes (2**46) of virtual memory. The integrated memory management and protection architecture includes 
address translation registers, advanced multitasking hardware and a protection mechanism to support operat- 
ing systems. In addition, the 36*6 Microprocessor allows the simultaneous running of multiple operating sys- 
tems. Instruction pipelining, on-chip address translation, and high bus bandwidth ensure short average instruc- 
tion execution times and high system throughput. 

The 386 Microprocessor offers new testability and debugging features. Testability features include a self-test 
and direct access to the page translation cache. Four new breakpoint registers provide breakpoint traps on 
code execution or data accesses, for powerful debugging of even ROM-based systems. 

Object-code compatibility with all 8086 family members (8086, 8088, 80186, 80188, 80286) means the 386 
Microprocessor offers immediate access to the world's largest microprocessor software base. 



SEGMENTATION UNIT 



HOLD. INTR.NMI 
► ERROR. BUSY 
RESET. HLDA 




231630-49 



Figure 1-1. 386tm Microprocessor Pipelined 32-Bit Microarchitecture 

386TM is Trademark of Intel Corporation. 
UNIXtm is a Trademark of AT&T Bell Labs. 
MS-DOS is a Trademark of MICROSOFT Corporation. 
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2. BASE ARCHITECTURE 



2.1 INTRODUCTION 

The 386TM Microprocessor consists of a central pro- 
cessing unit, a memory management unit and a bus 
interface. 

The central processing unit consists of the execu- 
tion unit and instruction unit. The execution unit con- 
tains the eight 32-bit general purpose registers 
which are used for both address calculation, data 
operations and a 64-bit barrel shifter used to speed 
shift, rotate, multiply, and divide operations. The 
multiply and divide logic uses a 1 -bit per cycle algo- 
rithm. The multiply algorithm stops the iteration 
when the most significant bits of the multiplier are all 
zero. This allows typical 32-bit multiplies to be exe- 
cuted in under one microsecond. The instruction unit 
decodes the instruction opcodes and stores them in 
the decoded instruction queue for immediate use by 
the execution unit. 

The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data repeatability, and effi- 
cient sharing. The paging mechanism operates be- 
neath and is transparent to the segmentation pro- 
cess, to allow management of the physical address 
space. Each segment is divided into one or more 4K 
byte pages. To implement a virtual memory system, 
the 386 Microprocessor supports full restartability 
for all page and segment faults. 

Memory is organized into one or more variable 
length segments, each up to four gigabytes in size. A 
given region of the linear address space, a segment, 
can have attributes associated with it. These attri- 
butes include its location, size, type (i.e. stack, code 
or data), and protection characteristics. Each task 
on an 386 Microprocessor can have a maximum of 
16,381 segments of up to four gigabytes each, thus 
providing 64 terabytes (trillion bytes) of virtual mem- 
ory to each task. 

The segmentation unit provides four-levels of pro- 
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 

The 386 Microprocessor has two modes of opera- 
tion: Real Address Mode (Real Mode), and Protect- 
ed Virtual Address Mode (Protected Mode). In Real 
Mode the 386 Microprocessor operates as a very 



fast 8086, but with 32-bit extensions if desired. Real 
Mode is required primarily to setup the processor for 
Protected Mode operation. Protected Mode provides 
access to the sophisticated memory management, 
paging and privilege capabilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se- 
mantics, thus allowing 8086 software (an application 
program, or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect- 
ed from one another and the host 386 Microproces- 
sor operating system, by the use of paging, and the 
I/O Permission Bitmap. 

Finally, to facilitate high performance system hard- 
ware designs, the 386 Microprocessor bus interface 
offers address pipelining, dynamic data bus sizing, 
and direct Byte Enable signals for each byte of the 
data bus. These hardware features are described 
fully beginning in Section 5. 



2.2 REGISTER OVERVIEW 

The 386 Microprocessor has 32 register resources 
in the following categories: 

• General Purpose Registers 

• Segment Registers 

• Instruction Pointer and Flags 

• Control Registers 

• System Address Registers 

• Debug Registers 

• Test Registers. 

The registers are a superset of the 8086, 80186 and 
80286 registers, so all 16-bit 8086, 80186 and 
80286 registers are contained within the 32-bit 386 
Microprocessor. 

Figure 2-1 shows all of 386 Microprocessor base ar- 
chitecture registers, which include the general ad- 
dress and data registers, the instruction pointer, and 
the flags register. The contents of these registers 
are task-specific, so these registers are automatical- 
ly loaded with a new context upon a task switch op- 
eration. 

The base architecture also includes six directly ac- 
cessible segments, each up to 4 Gbytes in size. The 
segments are indicated by the selector values 
placed in 386 Microprocessor segment registers of 
Figure 2-1 . Various selector values can be loaded as 
a program executes, if desired. 
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Figure 2-1. 386tm Microprocessor Base 
Architecture Registers 

The selectors are also task-specific, so the segment 
registers are automatically loaded with new context 
upon a task switch operation. 

The other types of registers, Control, System Ad- 
dress, Debug, and Test, are primarily used by sys- 
tem software. 



2.3 REGISTER DESCRIPTIONS 



2.3.1 General Purpose Registers 

General Purpose Registers: The eight general pur- 
pose registers of 32 bits hold data or address quanti- 
ties. The general registers, Figure 2-2, support data 
operands of 1, 8, 16, 32 and 64 bits, and bit fields of 
1 to 32 bits. They support address operands of 16 
and 32 bjts. The 32-bit registers are named EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 

The least significant 16 bits of the registers can be 
accessed separately. This is done by using the 1 6- 
bit names of the registers AX, BX, CX, DX, SI, Dl, 



BP, and SP. When accessed as a 16-bit operand, 
the upper 1 6 bits of the register are neither used nor 
changed. 

Finally 8-bit operations can individually access the 
lowest byte (bits 0-7) and the higher byte (bits 8- 
1.5) of general purpose registers AX, BX, CX and DX. 
The lowest bytes are named AL, BL, CL and DL, 
respectively. The higher bytes are named AH, BH, 
CH and DH, respectively. The individual byte acces- 
sibility offers additional flexibility for data operations, 
but is not used for effective address calculation. 
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Figure 2-2. Generai Registers 
and Instruction Pointer 



2.3.2 Instruction Pointer 

The instruction pointer, Figure 2-2, is a 32-bit regis- 
ter named EIP. EIP holds the offset of the next in- 
struction to be executed. The offset is always rela- 
tive to the base of the code segment (CS). The low- 
er 16 bits (bits 0-15) of EIP contain the 16-bit in- 
struction pointer named IP, which is used by 16-bit 
addressing. 



2.3.3 Flags Register 

The Flags Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2-3, control certain opera- 
tions and indicate status of the 386 Microprocessor. 
The lower 16 bits (bit 0-15) of EFLAGS contain the 
16-bit flag register named FLAGS, which is most 
useful when executing 8086 and 80286 code. 
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Figure 2-3. Flags Register 



VM (Virtual 8086 Mode, bit 17) 

The VM bit provides Virtual 8086 Mode within 
Protected Mode. If set while the 386 Micro- 
processor is in Protected Mode, the 386 Mi- 
croprocessor will switch to Virtual 8086 oper- 
ation, handling segment loads as the 8086 
does, but generating exception 1 3 faults on 
privileged opcodes. The VM bit can be set 
only in Protected Mode, by the I RET instruc- 
tion (if current privilege level = 0) and by task 
switches at any privilege level. The VM bit is 
unaffected by POPF. PUSHF always pushes 
a in this bit, even if executing in virtual 8086 
Mode. The EFLAGS image pushed during in- 
terrupt processing or saved during task 
switches will contain a 1 in this bit if the inter- 
rupted code was executing as a Virtual 8086 
Task. 

RF (Resume Flag, bit 16) 

The RF flag is used in conjunction with the 
debug register breakpoints. It is checked at 
instruction boundaries before breakpoint pro- 
cessing. When RF is set, it causes any debug 
fault to be ignored on the next instruction. RF 
is then automatically reset at the successful 
completion of every instruction (no faults are 
signalled) except the IRET instruction, the 
POPF instruction, (and JMP, CALL, and INT 
instructions causing a task switch). These in- 
structions set RF to the value specified by the 
memory image. For example, at the end of 
the breakpoint service routine, the IRET 



instruction can pop an EFLAG image having 
the RF bit set and resume the program's exe- 
cution at the breakpoint address without gen- 
erating another breakpoint fault on the same 
location. 

NT (Nested Task, bit 14) 

This flag applies to Protected Mode. NT is set 
to indicate that the execution of this task is 
nested within another task. If set, it indicates 
that the current nested task's Task State 
Segment (TSS) has a valid back link to the 
previous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc- 
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the setting of this 
bit according to the image popped, at any 
privilege level. 

IOPL (Input/Output Privilege Level, bits 12-13) 

This two-bit field applies to Protected Mode. 
IOPL indicates the numerically maximum CPL 
(current privilege level) value permitted to ex- 
ecute I/O instructions without generating an 
exception 13 fault or consulting the I/O Per- 
mission Bitmap. It also indicates the maxi- 
mum CPL value allowing alteration of the IF 
(I NTR Enable Flag) bit when new values are 
popped into the EFLAG register. POPF and 
IRET instruction can alter the IOPL field when 
executed at CPL = 0. Task switches can al- 
ways alter the IOPL field, when the new flag 
image is loaded from the incoming task's 
TSS. 
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OF (Overflow Flag, bit 11) 

OF is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow Into the 
sign bit (high-order bit) of the result but did 
not result in a carry/borrow out of the high- 
order bit, or vice-versa. For 8/16/32 bit oper- 
ations, OF is set according to overflow at bit 
7/15/31, respectively. 

DF (Direction Flag, bit 10) 

DF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the 
string instructions. Postincrement occurs if 
DF is reset. Postdecrement occurs if DF is 
set. 

IF (INTR Enable Flag, bit 9) 

The IF flag, when set, allows recognition of 
external interrupts signalled on the INTR pin. 
When IF is reset, external interrupts signalled 
on the INTR are not recognized. IOPL indi- 
cates the maximum CPL value allowing alter- 
ation of the IF bit when new values are 
popped into EFLAGS or FLAGS. 

TF (Trap Enable Flag, bit 8) 

TF controls the generation of exception 1 
trap when single-stepping through code. 
When TF is set, the 386 Microprocessor gen- 
erates an exception 1 trap after the next in- 
struction is executed. When TF is reset, ex- 
ception 1 traps occur only as a function of the 
breakpoint addresses loaded into debug reg- 
isters DR0-DR3. 

SF (Sign Flag, bit 7) 

SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16-, 32-bit 
operations, SF reflects the state of bit 7, 1 5, 
31 respectively. 



ZF (Zero Flag, bit 6) 

ZF is set if all bits of the result are 0. Other- 
wise it is reset. 

AF (Auxiliary Carry Flag, bit 4) 

The Auxiliary Flag is used to simplify the addi- 
tion and subtraction of packed BCD quanti- 
ties. AF is set if the operation resulted in a 
carry out of bit 3 (addition) or a borrow into bit 
3 (subtraction). Otherwise AF is reset. AF is 
affected by carry out of, or borrow into bit 3 
only, regardless of overall operand length: 8, 
16 or 32 bits. 

PF (Parity Flags, bit 2) 

PF is set if the low-order eight bits of the op- 
eration contains an even number of "1's" 
(even parity). PF is reset if the low-order eight 
bits have odd parity. PF is a function of only 
the low-order eight bits, regardless of oper- 
and size. 

CF (Carry Flag, bit 0) 

CF is set if the operation resulted in a carry 
out of (addition), or a borrow into (subtraction) 
the high-order bit. Otherwise CF is reset. For 
8-, 16- or 32-bit operations, CF is set accord- 
ing to carry/borrow at bit 7, 15 or 31, respec- 
tively. 

Note in these descriptions, "set" means "set to 1," 
and "reset" means "reset to 0." 



2.3.4 Segment Registers 

Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 2- 
4. In Protected Mode, each segment may range in 
size from one byte up to the entire linear and physt- 
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Figure 2-4. 386tm Microprocessor Segment Registers, and Associated Descriptor Registers 
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cal space of the machine, 4 Gbytes (2 32 bytes). In 
Real Address Mode, the maximum segment size is 
fixed at 64 Kbytes (216 bytes). 

The six segments addressable at any given moment 
are defined by the segment registers CS, SS, DS, 
ES, FS and GS. The selector in CS indicates the 
current code segment; the selector in SS indicates 
the current stack segment; the selectors in DS, ES, 
FS and GS indicate the current data segments. 

2.3.5 Segment Descriptor Registers 

The segment descriptor registers are not program- 
mer visible, yet it is very useful to understand their 
content. Inside the 386 Microprocessor, a descriptor 
register (programmer invisible) is associated with 
each programmer-visible segment register, as 
shown by Figure 2-4. Each descriptor register holds 
a 32-bit segment base address, a 32-bit segment 
limit, and the other necessary segment attributes. 

When a selector value is loaded into a segment reg- 
ister, the associated descriptor register is automati- 
cally updated with the correct information. In Real 
Address Mode, only the base address is updated 
directly (by shifting the selector value four bits to the 
left), since the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor indexed 
by the selector. 

Whenever a memory reference occurs, the segment 
descriptor register associated with the segment be- 
ing used is automatically involved with the memory 
reference. The 32-bit segment base address be- 
comes a component of the linear address calcula- 
tion, the 32-bit limit is used for the limit-check opera- 
tion, and the attributes are checked against the type 
of memory reference requested. 

2.3.6 Control Registers 

The 386 Microprocessor has three control registers 
of 32 bits, CRO, CR2 and CR3, to hold machine 



state of a global nature (not specific to an individual 
task). These registers, along with System Address 
Registers described in the next section, hold ma- 
chine state that affects all tasks in the system. To 
access the Control Registers, load and store instruc- 
tions are defined. 

CRO: Machine Control Register (includes 80286 
Machine Status Word) 

CRO, shown in Figure 2-5, contains 6 defined bits for 
control and status purposes. The low-order 16 bits 
of CRO are also known as the Machine Status Word, 
MSW, for compatibility with 80286 Protected Mode. 
LMSW and SMSW instructions are taken as special 
aliases of the load and store CRO operations, where 
only the low-order 1 6 bits of CRO are involved. For 
compatibility with 80286 operating systems the 386 
Microprocessor's LMSW instructions work in an 
identical fashion to the LMSW instruction on the 
80286. (i.e. It only operates on the low-order 16-bits 
of CRO and it ignores the new bits in CRO.) New 386 
Microprocessor operating systems should use the 
MOV CRO, Reg instruction. 

The defined CRO bits are described below. 

PG (Paging Enable, bit 31) 

the PG bit is set to enable the on-chip paging 
unit. It is reset to disable the on-chip paging 
unit. 

ET (Processor Extension Type, bit 4) 

ET indicates the processor extension type (ei- 
ther 80287 or 80387) as detected by the level 
of the ERROR # input following 386 Microproc- 
essor reset. The ET bit may also be set or reset 
by loading CRO under program control if de- 
sired/ If ET is set, the 80387-compatible 32-bit 
protocol is used. If ET is reset, 80287-compati- 
ble 16-bit protocol is used. 

Note that for strict 80286 compatibility, ET is 
not affected by the LMSW instruction. When 
the MSW or CRO is stored, bit 4 accurately re- 
flects the current state of the ET bit. 
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TS (Task Switched, bit 3) 

TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coproces- 
sor ESCape opcode will cause a Coprocessor 
Not Available trap (exception 7). The trap han- 
dler typically saves the 80287/80387 context 
belonging to a previous task, loads the 
80287/80387 state belonging to the current 
task, and clears the TS bit before returning to 
the faulting coprocessor opcode. 

EM (Emulate Coprocessor, bit 2) 

The EMulate coprocessor bit is set to cause all 
coprocessor opcodes to generate a Coproces- 
sor Not Available fault (exception 7). It is reset 
to allow coprocessor opcodes to be executed 
on an actual 80287 or 80387 coprocessor (this 
the default case after reset). Note that the 
WAIT opcode is not affected by the EM bit set- 
ting. 

MP (Monitor Coprocessor, bit 1) 

The MP bit is used in conjunction with the TS 
bit to determine if the WAIT opcode will gener- 
ate a Coprocessor Not Available fault (excep- 
tion 7) when TS = 1. When both MP = 1 and 
TS = 1 , the WAIT opcode generates a trap. 
Otherwise, the WAIT opcode does not gener- 
ate a trap. Note that TS is automatically set 
whenever a task switch operation is performed. 

PE (Protection Enable, bit 0) 

The PE bit is set to enable the Protected Mode. 
If PE is reset, the processor operates again in 
Real Mode. PE may be set by loading MSW or 
CR0. PE can be reset only by a load into CR0. 
Resetting the PE bit is typically part of a longer 
instruction sequence needed for proper tran- 
sition from Protected Mode to Real Mode. Note 
that for strict 80286 compatibility, PE cannot be 
reset by the LMSW instruction. 

CR1: reserved 

CR1 is reserved for use in future Intel processors. 

CR2: Page Fault Linear Address 

CR2, shown in Figure 2-6, holds the 32-bit linear ad- 
dress that caused the last page fault detected. The 



error code pushed onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 

CR3: Page Directory Base Address 

CR3, shown in Figure 2-6, contains the physical 
base address of the page directory table. The 386 
Microprocessor page directory table is always page- 
aligned (4 Kbyte-aligned). Therefore the lowest 
twelve bits of CR3 are ignored when written and 
they store as undefined. 

A task switch through a TSS which changes the 
value in CR3, or an explicit load into CR3 with any 
value, will invalidate all cached page table entries in 
the paging unit cache. Note that if the value in CR3 
does not change during the task switch, the cached 
page table entries are not flushed. 



2.3.7 System Address Registers 

Four special registers are defined to reference the 
tables or segments supported by the 80286 CPU 
and 386 Microprocessor protection model. These ta- 
bles or segments are: 

GDT (Global Descriptor Table), 

IDT (Interrupt Descriptor Table), 

LDT (Local Descriptor Table), 

TSS (Task State Segment). 

The addresses of these tables and segments are 
stored in special registers, the System Address and 
System Segment Registers illustrated in Figure 2-7. 
These registers are named GDTR, IDTR, LDTR and 
TR, respectively. Section 4 Protected Mode Archi- 
tecture describes the use of these registers. 

GDTR and IDTR 

These registers hold the 32-bit linear base address 
and 16-bit limit of the GDT and IDT, respectively. 

The GDT and IDT segments, since they are global to 
all tasks in the system, are defined by 32-bit linear 
addresses (subject to page translation if paging is 
enabled) and 1 6-bit limit values. 
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Figure 2-7. System Address and System Segment Registers 



LDTR and TR 



These registers hold the 16-bit selector for the LOT 
descriptor and the TSS descriptor, respectively. 

The LOT and TSS segments, since they are task- 
specific segments, are defined by selector values 
stored in the system segment registers. Note that a 
segment descriptor register (programmer-invisible) 
is associated with each system segment register. 



Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por- 
tion of the 386 Microprocessor. TR6 is the command 
test register, and TR7 is the data register which con- 
tains the data of the Translation Lookaside buffer 
test. Their use is discussed in section 2.1 1 Testabil- 
ity. 

Figure 2-8 shows the Debug and Test registers. 



2.3.8 Debug and Test Registers 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. Debug Registers DRO-3 specify the four linear 
breakpoints. The Debug Control Register DR7 is 
used to set the breakpoints and the Debug Status 
Register DR6, displays the current state of the 
breakpoints/The use of the debug registers is de- 
scribed in section 2.12 Debugging support. 
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2.3.9 Register Accessibility 

There are a few differences regarding the accessibil- 
ity of the registers in Real and Protected Mode. Ta- 
ble 2-1 summarizes these differences. See Section 
4 Protected Mode Architecture for further details. 



2.3.10 Compatibility 

VERY IMPORTANT NOTE: 
COMPATIBILITY WITH FUTURE PROCESSORS 

In the preceding register descriptions, note cer- 
tain 386 Microprocessor register bits are Intel re- 
served. When reserved bits are called out, treat 
them as fully undefined. This is essential for 
your software compatibility with future proces- 
sors! Follow the guidelines below: 

1) Do not depend on the states of any unde- 
fined bits when testing the values of defined 
register bits. Mask them out when testing. 

2) Do not depend on the states of any unde- 
fined bits when storing them to memory or 
another register. 

3) Do not depend on the ability to retain infor- 
mation written into any undefined bits. 

4) When loading registers always load the unde- 
fined bits as zeros. 



Figure 2-8. Debug and Test Registers 
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Table 2-1. Register Usage 


Register 


Use In 
Real Mode 


Use in 
Protected Mode 


Use in 
Virtual 8086 Mode 


Load 


Store 


Load 


Store 


Load 


Store 


General Registers 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Segment Registers 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Flag Register 


Yes 


Yes 


Yes 


Yes 


IOPL 


IOPL* 


Control Registers 


Yes 


Yes 


PL = 


PL = 


No 


Yes 


GDTR 


Yes 


Yes 


PL = 


Yes 


No 


Yes 


IDTR 


Yes 


Yes 


PL = 


Yes 


No 


Yes 


LDTR 


No 


No 


PL = 


Yes 


No 


No 


TR 


No 


No 


PL = 


Yes 


No 


No 


Debug Control 


Yes 


Yes 


PL = 


PL = 


No 


No 


Test Registers 


Yes 


Yes 


PL = 


PL = 


No 


No 



NOTES: 

PL = 0: The registers can be accessed only when the current privilege level is zero. 

*IOPL: The PUSHF and POPF instructions are made I/O Privilege Level sensitive in Virtual 8086 Mode. 



5) However, registers which have been previ- 
ously stored may be reloaded without mask- 
ing. 

Depending upon the values of undefined regis- 
ter bits will make your software dependent upon 
the unspecified 386 Microprocessor handling of 
these bits. Depending on undefined values risks 
making your software incompatible with future 
processors that define usages for the 386 Micro- 
processor-undefined bits. AVOID ANY SOFT- 
WARE DEPENDENCE UPON THE STATE OF UN- 
DEFINED 386 MICROPROCESSOR REGISTER 
BITS. 



2.4 INSTRUCTION SET 

2.4.1 Instruction Set Overview 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Support 

Operating System Support 

Processor Control 



These 386 Microprocessor instructions are listed in 
Table 2-2. 

All 386 Microprocessor instructions operate on ei- 
ther 0, 1, 2, or 3 operands; where an operand re- 
sides in a register, in the instruction itself, or in mem- 
ory. Most zero operand instructions (e.g. CLI, STI) 
take only one byte. One operand instructions gener- 
ally are two bytes long. The average instruction is 
3.2 bytes long. Since the 386 Microprocessor has a 
1 6-byte instruction queue, an average of 5 instruc- 
tions will be prefetched. The use of two operands 
permits the following types of common instructions: 

Register to Register 

Memory to Register 

Immediate to Register 

Register to Memory 

Immediate to Memory. 

The operands can be either 8, 16, or 32 bits long. As 
a general rule, when executing code written for the 
386 Microprocessor (32-bit code), operands are 8 or 
32 bits; when executing existing 80286 or 8086 code 
(16-bit code), operands are 8 or 16 bits. Prefixes can 
be added to all instructions which override the de- 
fault length of the operands, (i.e. use 32-bit oper- 
ands for 16-bit code, or 16-bit operands for 32-bit 
code). 
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2.4.2 386™ Microprocessor 
Instructions 

Table 2-2a. Data Transfer 



Table 2-2b. Arithmetic Instructions 



GENERAL PURPOSE 


MOV 


Move operand 


PUSH 


Push operand onto stack 


POP 


Pop operand off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers off stack 


XCHG 


Exchange Operand, Register 


XLAT 


Translate 


CONVERSION 


MOVZX 


Move byte or Word, Dword, with zero 
extension 


MOVSX 


Move byte or Word, Dword, sign 
extended 


CBW 


Convert byte to Word, or Word to Dword 


CWD 


Convert Word to DWORD 


CWDE 


Convert Word to DWORD extended 


CDQ 


Convert DWORD to QWORD 


INPUT/OUTPUT 


IN 


Input operand from I/O space 


OUT 


Output operand to I/O space 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer into D segment register 


LES 


Load pointer into E segment register 


LFS 


Load pointer into F segment register 


LGS 


Load pointer into G segment register 


LSS 


Load pointer into S (Stack) segment 
register 


FLAG MANIPULATION 


LAHF 


Load A register from Flags 


SAHF 


Store A register in Flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 


PUSHFD 


Push EFIags onto stack 


POPFD 


Pop EFIags off stack 


CLC 


Clear Carry Flag 


OLD 


Clear Direction Flag 


CMC 


Complement Carry Flag 


STC 


Set Carry Flag 


STD 


Set Direction Flag 



ADDITION 


ADD 


Add operands 


ADp 


Add with carry 


INC 


Increment operand by 1 


AAA 


ASCI I adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract operands 


SBB 


Subtract with borrow 


DEC 


Decrement operand by 1 


NEG 


Negate operand 


CMP 


Compare operands 


DAS 


Decimal adjust for subtraction 


AAS 


ASCII Adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply Double/Single Precision 


IMUL 


Integer multiply 


AAM 


ASCII adjust after multiply 


DIVISION 


DIV 


Divide unsigned 


IDIV 


Integer Divide 


AAD 


ASCI r adjust before division 


Table 2-2c. String Instructions 


MOVS 


Move byte or Word, Dword string 


INS 


Input string from I/O space 


OUTS 


Output string to I/O space 


CMPS 


Compare byte or Word, Dword string 


SCAS 


Scan Byte or Word, Dword string 


LODS 


Load byte or Word, Dword string 


STOS 


Store byte or Word, Dword string 


REP 


Repeat 


REPE/ 
REPZ 


Repeat while equal/zero 


RENE/ 
REPNZ 


Repeat while not equal/not zero 


Table 2-2d. Logical Instructions 


LOGICALS 


NOT 


"NOT" operands 


AND 


"AND" operands 


OR 


"Inclusive OR" operands 


XOR 


"Exclusive OR" operands 


TEST 


"Test" operands 
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Table 2-2d. Logical Instructions (Continued) 



SHIFTS 


SHL/SHR 


Shift logical left or right 


SAL/SAR 


Shift arithmetic left or right 


SHLD/ 
SHRD 


Double shift left or right 


ROTATES 


ROL/ROR Rotate left/right 


RCL/RCR 


Rotate through carry left/right 



Table 2-2e. Bit Manipulation Instructions 



SINGLE BIT INSTRUCTIONS 


BT 


Bit Test 


BTS 


Bit Test and Set 


BTR 


Bit Test and Reset 


BTC 


Bit Test and Complement 


BSF 


Bit Scan Forward 


BSR 


Bit Scan Reverse 



Table 2-2f . Program Control Instructions 



CONDITIONAL TRANSFERS 


SETCC 


Set byte equal to condition code 


JA/JNBE 


Jump if above/not below nor equal 


JAE/JNB 


Jump if above or equal/not below 


JB/JNAE 


Jump if below/ not above nor equal 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


JE/JZ 


Jump if equal/zero 


JG/JNLE 


Jump if greater/ not less nor equal 


JGE/JNL 


Jump if greater or equal /not less 


JL/JNGE 


Jump if less/not greater nor equal 


JLE/JNG 


Jump if less or equal/not greater 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


JNO 


Jump if not overflow 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


JO 


Jump if overflow 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if Sign 



Table 2-2f . Program Control Instructions 

(Continued) 



UNCONDITIONAL TRANSFERS 


CALL 


Call procedure/task 


RET 


Return from procedure 


JMP 


Jump 


ITERATION CONTROLS 


LOOP 


Loop 


LOOPE/ 
LOOPZ 


Loop if equal /zero 


LOOPNE/ 
LOOPNZ 


Loop if not equal /not zero 


JCXZ 


JUMP if register CX = 


INTERRUPTS 


INT 


Interrupt 


INTO 


Interrupt if overflow 


IRET 


Return from Interrupt/Task 


CLI 


Clear interrupt Enable 


STI 


Set Interrupt Enable 


Table 2-2g. High Level Language Instructions 


BOUND 


Check Array Bounds 


ENTER 


Setup Parameter Block for Entering 
Procedure 


LEAVE 


Leave Procedure 


Table 2-2h. Protection Model 


SGDT 


Store Global Descriptor Table 


SIDT 


Store Interrupt Descriptor Table 


STR 


Store Task Register 


SLDT 


Store Local Descriptor Table 


LGDT 


Load Global Descriptor Table 


LIDT 


Load Interrupt Descriptor Table 


LTR 


Load Task Register 


LLDT 


Load Local Descriptor Table 


ARPL 


Adjust Requested Privilege Level 


LAR 


Load Access Rights 


LSL 


Load Segment Limit 


VERR/ 
VERW 


Verify Segment for Reading or Writing 


LMSW 


Load Machine Status Word (lower 
16bitsofCR0) 


SMSW 


Store Machine Status Word 


Table 2-2i. Processor Control Instructions 


HLT 


Halt 


WAIT 


Wait until BUSY # negated 


ESC 


Escape 


LOCK 


Lock Bus 
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2.5 ADDRESSING MODES 



2.5.1 Addressing Modes Overview 

The 386 Microprocessor provides a total of 11 ad- 
dressing modes for instructions to specify operands. 
The addressing modes are optimized to allow the 
efficient execution of high level languages such as C 
and FORTRAN, and they cover the vast majority of 
data references needed by high-level languages. 



2.5.2 Register and Immediate Modes 

Two of the addressing modes provide for instruc- 
tions that operate on register or immediate oper- 
ands: 

Register Operand Mode: The operand is located 
in one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is in- 
cluded in the instruction as part of the opcode. 



2.5.3 32-Bit Memory Addressing 
Modes 

The remaining 9 modes provide a meqhanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg- 
ment base address and an effective address. The 
effective address is calculated by using combina- 
tions of the following four address elements: 

DISPLACEMENT: An 8-, or 32-bit immediate value, 
following the instruction. 

BASE: The contents of any general purpose regis- 
ter. The base registers are generally used by compil- 
ers to point to the start of the local variable area. 

INDEX: The contents of any general purpose regis- 
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char- 
acters. 

SCALE: The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. Scaled index 
mode is especially useful for accessing arrays or 
structures. 

Combinations of these 4 components make up the 9 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 



The one exception is the simultaneous use of Base 
and Index components which requires one addition- 
al clock. 

As shown in Figure 2-9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 

EA= Base Reg + (Index Reg * Scaling) + Displacement 

Direct Mode: The operand's offset is contained as 
part of the instruction as an 8-, 16- or 32-bit dis- 
placement. 
EXAMPLE: INC Word PTR [500] 

Register Indirect Mode: A BASE register contains 
the address of the operand. 
EXAMPLE: MOV [ECX], EDX 

Based Mode: A BASE register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: MOV ECX, [EAX + 24] 

Index Mode: An INDEX register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: ADD EAX, TABLE[ESI] 

Scaled Index Mode: An INDEX register's contents is 
multiplied by a scaling factor which is added to a 
DISPLACEMENT to form the operands offset. 
EXAMPLE: IMUL EBX, TABLE [ESI* 4] ,7 

Based Index Mode: The contents of a BASE register 
is added to the contents of an INDEX register to 
form the effective address of an operand. 
EXAMPLE: MOV EAX, [ESI] [EBX] 

Based Scaled Index Mode: The contents of an IN- 
DEX register is multiplied by a SCALING factor and 
the result is added to the contents of a BASE regis- 
ter to obtain the operands offset. 
EXAMPLE: MOV ECX, [EDX*8] [EAX] 

Based Index Mode with Displacement: The contents 
of an INDEX Register and a BASE register's con- 
tents and a DISPLACEMENT are all summed to- 
gether to form the operand offset. 
EXAMPLE: ADD EDX, [ESI] [EBP + 00FFFFF0H] 

Based Scaled Index Mode with Displacement: The 
contents of an INDEX register are multiplied by a 
SCALING factor, the result is added to the contents 
of a BASE register and a DISPLACEMENT to form 
the operand's offset. 

EXAMPLE: MOV EAX, LOCALTABLE[EDI*4] 
[EBP + 80] 
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SEGMENT 
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SELECTED 
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Figure 2-9. Addressing Mode Calculations 



2.5.4 



Differences Between 16 and 32 
Bit Addresses 



In order to provide software compatibility with the 
80286 and the 8086, the 386 Microprocessor can 
execute 16-bit instructions in Real and Protected 
Modes. The processor determines the size of the 
instructions it is executing by examining the D bit in 
the CS segment Descriptor. If the D bit is then all 
operand lengths and effective addresses are as- 
sumed to be 1 6 bits long. If the D bit is 1 then the 
default length for operands and addresses is 32 bits. 
In Real Mode the default size for operands and ad- 
dresses is 16-bits. 

Regardless of the default precision of the operands 
or addresses, the 386 Microprocessor is able to exe- 
cute either 1 6 or 32-bit instructions. This is specified 
via the use of override prefixes. Two prefixes, the 
Operand Size Prefix and the Address Length Pre- 
fix, override the value of the D bit on an individual 
instruction basis. These prefixes are automatically 
added by Intel assemblers. 



Example: The processor is executing in Real Mode 
and the programmer needs to access the EAX regis- 
ters. The assembler code for this might be MOV 
EAX, 32-bit MEMORYOP, ASM386 Macro Assem- 
bler automatically determines that an Operand Size 
Prefix is needed and generates it. 

Example: The D bit is 0, and the programmer wishes 
to use Scaled Index addressing mode to access an 
array. The Address Length Prefix allows the use of 
MOV DX, TABLE [ESI *2]. The assembler uses an 
Address Length Prefix since, with D = 0, the default 
addressing mode is 16-bits. 

Example: The D bit is 1 , and the program wants to 
store a 1 6-bit quantity. The Operand Length Prefix is 
used to specify only a 16-bit value; MOV MEM 16, 
DX. 
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Table 2-3. BASE and INDEX Registers for 16- and 32-Bit Addresses 





16-Bit Addressing 


32-Bit Addressing 


BASE REGISTER 


BX.BP 


Any 32-bit GP Register 


INDEX REGISTER 


SI.Dl 


Any 32-bit GP Register 
Except ESP 


SCALE FACTOR 


none 


1,2,4,8 


DISPLACEMENT 


0,8, 16 bits 


0,8, 32 bits 



The OPERAND LENGTH and Address Length Pre- 
fixes can be applied separately or in combination to 
any instruction. The Address Length Prefix does not 
allow addresses over 64K bytes to be accessed in 
Real Mode. A memory address which exceeds 
FFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad- 
ditional 386 Microprocessor addressing modes. 

When executing 32-bit code, the 386 Microproces- 
sor uses either 8-, or 32-bit displacements, and any 
register can be used as base or index registers. 
When executing 16-bit code, the displacements are 
either 8, or 16 bits, and the base and index register 
conform to the 80286 model. Table 2-3 illustrates 
the differences. 



2.6 DATA TYPES 

The 386 Microprocessor supports all of the data 
types commonly used in high level languages: 

Bit: A single bit quantity. 

Bit Field: A group of up to 32 contiguous bits, 
which spans a maximum of four bytes. 

Bit String: A set of contiguous bits, on the 386 
Microprocessor bit strings can be up to 4 gigabits 
long. 

Byte: A signed 8-bit quantity. 

Unsigned Byte: An unsigned 8-bit quantity. 

Integer (Word): A signed 16-bit quantity. 

Long Integer (Double Word): A signed 32-bit quan- 
tity. All operations assume a 2's complement rep- 
resentation. 



Unsigned Long Integer (Double Word): An un- 
signed 32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 

Unsigned Quad Word: An unsigned 64-bit quanti- 
ty. 

Offset: A 1 6- or 32-bit offset only quantity which 
indirectly references another memory location. 

Pointer: A full pointer which consists of a 16-bit 
segment selector and either a 16- or 32-bit offset. 

Char: A byte representation of an ASCII Alphanu- 
meric or control character. 

String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 
4Gbytes. 

BCD: A byte (unpacked) representation of decimal 
digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 storing one digit in each 
nibble. 

When the 386 Microprocessor is coupled with a 
80387 Numerics Coprocessor then the following 
common Floating Point types are supported. 

Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. Floating point numbers 
are supported by the 80387 numerics coproces- 
sor. 

Figure 2-10 illustrates the data types supported by 
the 386 Microprocessor and the 80387. 



Unsigned Integer (Word): An unsigned 16-bit 
quantity. 
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2.7 MEMORY ORGANIZATION 
2.7.1 Introduction 

Memory on the 386 Microprocessor is divided up 
into 8-bit quantities (bytes), 16-bit quantities (words), 
and 32-bit quantities (dwords). Words are stored in 
two consecutive bytes in memory with the low-order 
byte at the lowest address, the high order byte at the 
high address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low- 
est address, the high-order byte at the highest ad- 
dress. The address of a word or dword is the byte 
address of the low-order byte. 

In addition to these basic data types, the 386 Micro- 
processor supports two larger units of memory: 
pages and segments. Memory can be divided up 
into one or more variable length segments, which 
can be swapped to disk or shared between pro- 
grams. Memory can also be organized into one or 
more 4K byte pages. Finally, both segmentation and 
paging can be combined, gaining the advantages of 
both systems. The 386 Microprocessor supports 
both pages and segments in order to provide maxi- 
mum flexibility to the system designer. Segmentation 
and paging are complementary. Segmentation is 
useful for organizing memory in logical modules, and 
as such is a tool for the application programmer, 
while pages are useful for the system programmer 
for managing the physical memory of a system. 



2.7.2 Address Spaces 

The 386 Microprocessor has three distinct address 
spaces: logical, linear, and physical. A logical 



address (also known as a virtual address) consists 
of a selector and an offset. A selector is the con- 
tents of a segment register. An offset is formed by 
summing all of the addressing components (BASE, 
INDEX, DISPLACEMENT) discussed in section 2.5.3 
Memory Addressing Modes into an effective ad- 
dress. Since each task on 386 Microprocessor has a 
maximum of 16K (2 14 -1) selectors, and offsets 
can be 4 gigabytes, (2 3 ^ bits) this gives a total of 2 46 
bits or 64 terabytes of logical address space per 
task. The programmer sees this virtual address 
space. 

The segmentation unit translates the logical ad- 
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad- 
dress corresponds to the physical address. The 
paging unit translates the linear address space into 
the physical address space. The physical address 
is what appears on the address pins. 

The primary difference between Real Mode and Pro- 
tected Mode is how the segmentation unit performs 
the translation of the logical address into the linear 
address. In Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
offset to form the linear address. While in Protected 
Mode every selector has a linear base address as- 
sociated with it. The linear base address is stored in 
one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). The 
selector's linear base address is added to the offset 
to form the final linear address. 

Figure 2-1 1 shows the relationship between the vari- 
ous address spaces. 
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Figure 2-11. Address Translation 
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2.7.3 Segment Register Usage 

The main data structure used to organize memory is 
the segment. On the 386 Microprocessor, segments 
are variable sized blocks of linear addresses which 
have certain attributes associated with them. There 
are two main types of segments: code and data, the 
segments are of variable size and can be as small 
as 1 byte or as large as 4 gigabytes (232 bytes). 

In order to provide compact instruction encoding, 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg- 
ister is used. A default segment register is automati- 
cally chosen according to the rules of Table 2-4 
(Segment Register Selection Rules). In general, data 
references use the selector contained in the DS reg- 
ister; Stack references use the SS register and In- 
struction fetches use the CS register. The contents 
of the Instruction Pointer provides the offset. Special 
segment override prefixes allow the explicit use of a 
given segment register, and override the implicit 
rules listed in Table 2-4. The override prefixes also 
allow the use of the ES, FS and GS segment regis- 
ters. 



There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a four gigabyte linear ad- 
dress space. This creates a system where the virtual 
address space is the same as the linear address 
space. Further details of segmentation are dis- 
cussed in section 4.1. 



2.8 I/O SPACE 

The 386 Microprocessor has two distinct physical 
address spaces: Memory and I/O. Generally, periph- 
erals are placed in I/O space although the 386 Mi- 
croprocessor also supports memory-mapped periph- 
erals. The I/O space consists of 64K bytes, it can be 
divided into 64K 8-bit ports, 32K 16-bit ports, or 16K 
32-bit ports, or any combination of ports which add 
up to less than 64K bytes. The 64K I/O address 
space refers to physical memory rather than linear 
address since I/O instructions do not go through the 
segmentation or paging hardware. The M/IO# pin 
acts as an additional address line thus allowing the 
system designer to easily determine which address 
space the processor is accessing. 



Table 2-4. Segment Register Selection Rules 



Type of 
Memory Reference 


Implied (Default) 
Segment Use 


Segment Override 
Prefixes Possible 


Code Fetch 


CS 


None 


Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 


SS 


None 


Source of POP, POPA, POPF, 
I RET, RET instructions 


SS 


None 


Destination of STOS, MOVS, REP 
STOS, REP MOVS Instructions 
(Dl is Base Register) 


ES 


None 


Other Data References, with 
Effective Address Using Base 
Register of: 

[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 


DS 
DS 
DS 
DS 
DS 
DS 
SS 
SS 


CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
CS,SS,ES,FS,GS 
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The I/O ports are accessed via the IN and OUT I/O 
instructions, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the 
DX register. All 8- and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the M/IO# pin to be driven low. 

I/O port addresses 00F8H through OOFFH are re- 
served for use by Intel. 



2.9 INTERRUPTS 



2.9.1 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow, in order to handle external events, to report 
errors or exceptional conditions. The difference be- 
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro- 
gram can generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions, 

Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately 
after the interrupted instruction. Sections 2.9.3 and 
2.9.4 discuss the differences between Maskable and 
Non-Maskable interrupts. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth- 
er or not restart of the instruction causing the excep- 
tion is supported. Faults are exceptions that are de- 
tected and serviced before the execution of the 
faulting instruction. A fault would occur in a virtual 
memory system, when the processor referenced a 
page or a segment which was not present. The oper- 
ating system would fetch the page or segment from 
disk, and then the 386 Microprocessor would restart 
the instruction. Traps are exceptions that are report- 
ed immediately after the execution of the instruction 
which caused the problem. User defined interrupts 
are examples of traps. Aborts are exceptions which 
do not permit the precise location of the instruction 
causing the exception to be determined. Aborts are 
used to report severe errors, such as a hardware 
error, or illegal values in system tables. 

Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 



immediately following the interrupted instruction. On 
the other hand, the return address from an excep- 
tion fault routine will always point at the instruction 
causing the exception and include any leading in- 
struction prefixes. Table 2-5 summarizes the possi- 
ble interrupts for the 386 Microprocessor and shows 
where the return address points. 

The 386 Microprocessor has the ability to handle up 
to 256 different interrupts/ exceptions. In order to 
service the interrupts, a table with up to 256 interrupt 
vectors must be defined. The interrupt vectors are 
simply pointers to the appropriate interrupt service 
routine. In Real Mode (see section 3.1), the vectors 
are 4 byte quantities, a Code Segment plus a 16-bit 
offset; in Protected Mode, the interrupt vectors are 8 
byte quantities, which are put in an Interrupt Descrip- 
tor Table (see section 4.1). Of the 256 possible inter- 
rupts, 32 are reserved for use by Intel, the remaining 
224 are free to be used by the system designer. 



2.9.2 Interrupt Processing 

When an interrupt occurs the following actions hap- 
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup- 
plied to the 386 Microprocessor which identifies the 
appropriate entry in the interrupt table. The table 
contains the starting address of the interrupt service 
routine. Then, the user supplied interrupt service 
routine is executed. Finally, when an IRET instruc- 
tion is executed the old processor state is restored 
and program execution resumes at the appropriate 
instruction. 

The 8-bit interrupt vector is supplied to the 386 Mi- 
croprocessor in several different ways: exceptions 
supply the interrupt vector internally; software INT 
instructions contain or imply the vector; maskable 
hardware interrupts supply the 8-bit vector via the 
interrupt acknowledge bus sequence. Non-Maska- 
ble hardware interrupts are assigned to interrupt 
vector 2. 



2.9.3 Maskable Interrupt 

Maskable interrupts are the most common way used 
by the 386 Microprocessor to respond to asynchro- 
nous external hardware events. A hardware interrupt 
occurs when the INTR is pulled high and the Inter- 
rupt Flag bit (IF) is enabled. The processor only re- 
sponds to interrupts between instructions, (REPeat 
String instructions, have an "interrupt window", be- 
tween memory moves, which allows interrupts 
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Table 2-5. 


Interrupt Vector Assignments 






Function 


Interrupt 
Number 


Instruction Which 
Can Cause 
Exception 


Return Address 

Points to 

Faulting 

Instruction 


Type 


Divide Error 





DIV, IDIV 


YES 


FAULT 


Debug Exception 


1 


any instruction 


YES 


TRAP* 


NMI Interrupt 


2 


INT 2 or NMI 


NO 


NMI 


One Byte Interrupt 


3 


INT 


NO 


TRAP 


Interrupt on Overflow 


4 


INTO 


NO 


TRAP 


Array Bounds Check 


5 


BOUND 


YES 


FAULT 


Invalid OP-Code 


6 


Any Illegal Instruction 


YES 


FAULT 


Device Not Available 


7 


ESC, WAIT 


YES 


FAULT 


Double Fault 


8 


Any Instruction That Can 
Generate an Exception 




ABORT 


Coprocessor Segment Overrun 


9 


ESC 


NO 


ABORT 


Invalid TSS 


10 


JMP, CALL, IRET, INT 


YES 


FAULT 


Segment Not Present 


11 


Segment Register Instructions 


YES 


FAULT 


Stack Fault 


12 


Stack References 


YES 


FAULT 


General Protection Fault 


13 


Any Memory Reference 


YES 


FAULT 


Page Fault 


14 


Any Memory Access or Code Fetch 


YES 


FAULT 


Coprocessor Error 


16 


ESC, WAIT 


YES 


FAULT 


Intel Reserved 


17-32 








Two Byte Interrupt 


0-255 


INTn 


NO 


TRAP 



' Some debug exceptions may report both traps on the previous instruction, and faults on the next instruction. 



during long string moves). When an interrupt occurs 
the processor reads an 8-bit vector supplied by the 
hardware which identifies the source of the interrupt, 
(one of 224 user defined interrupts). The exact na- 
ture of the interrupt sequence is discussed in section 
5. 

The IF bit in the EFLAG registers is reset when an 
interrupt is being serviced. This effectively disables 
servicing additional interrupts during an interrupt 
service routine. However, the IF may be set explicitly 
by the interrupt handler, to allow the nesting of inter- 
rupts. When an IRET instruction is executed the 
original state of the IF is restored. 



be to activate a power failure routine. When the NMI 
input is pulled high it causes ah interrupt with an 
internally supplied vector value of 2. Unlike a normal 
hardware interrupt, no interrupt acknowledgment se- 
quence is performed for an NMI. 

While executing the NMI servicing procedure, the 
386 Microprocessor will not service further NMI re- 
quests, until an interrupt return (IRET) instruction is 
executed or the processor is reset. If NMI occurs 
while currently servicing an NMI, its presence will be 
saved for servicing after executing the first IRET in- 
struction. The IF bit is cleared at the beginning of an 
NMI interrupt to inhibit further INTR interrupts. 



2.9.4 Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic- 
ing very high priority interrupts. A common example 
of the use of a non-maskable interrupt (NMI) would 



2.9.5 Software Interrupts 

A third type of interrupt/exception for the 386 Micro- 
processor is the software interrupt. An INT n instruc- 
tion causes the processor to execute the inter- 
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rupt service routine pointed to by the nth vector in 
the interrupt table. 

A special case of the two byte software interrupt INT 
n is the one byte INT 3, or breakpoint interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug- 
ging tool. 

A final type of software interrupt, is the single step 
interrupt. It is discussed in section 2.12. 



2.9.6 Interrupt and Exception 
Priorities 

Interrupts are externally-generated events. Maska- 
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in- 
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 386 Microprocessor invokes the NMI 
service routine first. If, after the NMI service routine 
has been invoked, maskable interrupts are still en- 
abled, then the 386 Microprocessor will invoke the 
appropriate interrupt service routine. 

Table 2-6a. 386tm Microprocessor Priority for 

Invoking Service Routines in Case of 

Simultaneous External Interrupts 



as each instruction is executed, and occurs in paral- 
lel with instruction decoding and execution. 

Table 2-6b. Sequence of Exception Checking 



1.NMI 
2. INTR 



Exceptions are internally-generated events. [Excep- 
tions are detected by the 386 Microprocessor if, in 
the course of executing an instruction, the 386 Mi- 
croprocessor detects a problematic condition. The 
386 Microprocessor then immediately invokes the 
appropriate exception service routine. The state of 
the 386 Microprocessor is such that the instruction 
causing the exception can be restarted. If the excep- 
tion service routine has taken care of the problemat- 
ic condition, the instruction will execute without 
causing the same exception. 

It is possible for a single instruction to generate sev- 
eral exceptions (for example, transferring a single 
operand could generate two page faults if the oper- 
and location spans two "npt present" pages). How- 
ever, only one exception is generated upon each at- 
tempt to execute the instruction. Each exception 
service routine should correct its corresponding ex- 
ception, and restart the instruction. In this manner, 
exceptions are serviced until the instruction exe- 
cutes successfully. 

As the 386 Microprocessor executes instructions, it 
follows a consistent cycle in checking for excep- 
tions, as shown in Table 2-6b. This cycle is repeated 



Consider the case of the 386 Microprocessor 
having just completed an instruction. It then per- 
forms the following checks before reaching the 
point where the next instruction is completed: 

1. Check for Exception 1 Traps from the instruc- 
tion just completed (single-step via Trap Flag, 
or Data Breakpoints set in the Debug Regis- 
ters). 

2. Check for Exception 1 Faults in the next in- 
struction (Instruction Execution Breakpoint set 
in the Debug Registers for the next instruc- 
tion). 

3. Check for external NMI and INTR. 

4. Check for Segmentation Faults that prevented 
fetching the entire next instruction (exceptions 
11 or 13). 

5. Check for Page Faults that prevented fetching 
the entire next instruction (exception 14). 

6. Check for Faults decoding the next instruction 
(exception 6 if illegal opcode; exception 6 if in 
Real Mode or in Virtual 8086 Mode and at- 
tempting to execute an instruction for Protect- 
ed Mode only (see 4.6.4); or exception 13 if 
instruction is longer than 15 bytes, or privilege 
violation in Protected Mode (i.e. not at IOPL or 
atCPL=0). 

7. If WAIT opcode, check if TS=1 and MP=1 
(exception 7 if both are 1). 

8. If ESCAPE opcode for numeric coprocessor, 
check if EM = 1 or TS= 1 (exception 7 if either 
are 1). 

9. If WAIT opcode or ESCAPE opcode for nu- 
meric coprocessor, check ERROR # input sig- 
nal (exception 16 if ERROR # input is assert- 
ed). 

10. Check in the following order for each memo- 
ry reference required by the instruction: 

a. Check for Segmentation Faults that pre- 
vent transferring the entire memory quanti- 
ty (exceptions 1.1, 12, 13). 

b. Check for Page Faults that prevent trans- 
ferring the entire memory quantity (excep- 
tion 14). 

Note that the order stated supports the concept 
of the paging mechanism being ''underneath" 
the segmentation mechanism. Therefore, for any 
given code or data reference in memory, seg- 
mentation exceptions are generated before pag- 
ing exceptions are generated. 
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2.9.7 Instruction Restart 

The 386 Microprocessor fully supports restarting all 
instructions after faults. If an exception is detected in 
the instruction to be executed (exception categories 
4 through 10 in Table 2-6c), the 386 Microprocessor 
invokes the appropriate exception service routine. 
The 386 Microprocessor is in a state that permits 
restart of the instruction, for all cases but those in 
Table 2-6c. Note that all such cases are easily 
avoided by proper design of the operating system. 

Table 2-6c. Conditions Preventing 
Instruction Restart 



A. An instruction causes a task switch to a task 
whose Task State Segment is partially "not 
present". (An entirely "not present" TSS is re- 
startable.) Partially present TSS's can be 
avoided either by keeping the TSS's of such 
tasks present in memory, or by aligning TSS 
segments to reside entirely within a single 4K 
page (for TSS segments of 4K bytes or less). 

B. A coprocessor operand wraps around the top 
of a 64K-byte segment or a 4G-byte segment, 
and spans three pages, and the page holding 
the middle portion of the operand is "not pres- 
ent." This condition can be avoided by starting 
at a page boundary any segments containing 
coprocessor operands if the segments are ap- 
proximately 64K-200 bytes or larger (i.e. large 
enough for wraparound of the coprocessor 
operand to possibly occur). 

Note that these conditions are avoided by using 
the operating system designs mentioned in this 
table. 



2.9.8 Double Fault 

A Double Fault (exception 8) results when the proc- 
essor attempts to invoke an exception service rou- 
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so, detects an exception 
other than a Page Fault (exception 14). 

A Double Fault (exception 8) will also be generated 
when the processor attempts to invoke the Page 
Fault (exception 14) service routine, and detects an 
exception other than a second Page Fault. In any 
functional system, the entire Page Fault service rou- 
tine must remain "present" in memory. 

When a Double Fault occurs, the 386 Microproces- 
sor invokes the exception service routine for excep- 
tion 8. 



2.10 RESET AND INITIALIZATION 

When the processor is initialized or Reset the regis- 
ters have the values shown in Table 2-7. The 386 
Microprocessor will then start executing instructions 
near the top of physical memory, at location 
FFFFFFFOH. When the first Intersegment Jump or 
Call is executed, address lines A20-31 will drop low 
for CS-relative memory cycles, and the 386 Micro- 
processor will only execute instructions in the lower 
one megabyte of physical memory. This allows the 
system designer to use a ROM at the top of physical 
memory to initialize the system and take care of Re- 



RESET forces the 386 Microprocessor to terminate 
all execution and local bus activity. No instruction 
execution or bus activity will occur as long as Reset 
is active. Between 350 and 450 CLK2 periods after 
Reset becomes inactive the 386 Microprocessor will 
start executing instructions at the top of physical 
memory. 

Table 2-7. Register Values after Reset 



Flag Word 


UUUU0002H Notel 


Machine Status Word (CR0) 


UUUUUUU0H Note 2 


Instruction Pointer 


0000FFF0H 


Code Segment 


F000H Note3 


Data Segment 


0000H 


Stack Segment 


0000H 


Extra Segment (ES) 


0000H 


Extra Segment (FS) 


0000H 


Extra Segment (GS) 


0000H 


DX register 


component and 




stepping ID Note 5 


All other registers 


undefined Note 4 



NOTES: 

1. EFLAG Register. The upper 14 bits of the EFLAGS reg- 
ister are undefined, VM (Bit 17) and RF (BIT) 16 are as 
are all other defined flag bits. 

2. CRO: (Machine Status Word). Ail of the defined fields in 
the CRO are (PG Bit 31, TS Bit 3, EM Bit 2, MP Bit 1, and 
PE Bit 0) except for ET Bit 4 (processor extension type). 
The ET Bit is set during Reset according to the type of Co- 
processor in the system. If the coprocessor is an 80387 
then ET will be 1, if the coprocessor is an 80287 or no 
coprocessor is present then ET will be 0. All other bits are 
undefined. 

3. The Code Segment Register (CS) will have its Base Ad- 
dress set to FFFF0000H and Limit set to OFFFFH. 

4. All undefined bits are Intel Reserved and should not be 
used. 

5. DX register always holds component and stepping iden- 
tifier (see 5.7). EAX register holds self -test signature if self- 
test was requested (see 5.6). 
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2.11 TESTABILITY 



2.11.1 Self-Test 

The 386 Microprocessor has the capability to per- 
form a self-test. The self-test checks the function of 
all of the Control ROM and most of the non-random 
logic of the part. Approximately one-half of the 386 
Microprocessor can be tested during self-test. 

Self-Test is initiated on the 386 Microprocessor 
when the RESET pin transitions from HIGH to LOW, 
and the BUSY# pin is low. The self-test takes about 
2**19 clocks, or approximately 33 milliseconds with 
a 16 MHz 386 Microprocessor. At the completion of 
self-test the processor performs reset and begins 
normal operation. The part has successfully passed 
self-test if the contents of the EAX register are zero 
(0). If the results of EAX are not zero then the self- 
test has detected a flaw in the part. 



2.11.2 TLB Testing 

The 386 Microprocessor provides a mechanism for 
testing the Translation Lookaside Buffer (TLB) if de- 
sired. This particular mechanism is unique to the 386 
Microprocessor and may not be continued in the 
same way in future processors. When testing the 
TLB paging must be turned off (PG = in CRO) to 
enable the TLB testing hardware and avoid interfer- 
ence with the test data being written to the TLB. 

There are two TLB testing operations: 1) write en- 
tries into the TLB, and, 2) perform TLB lookups. Two 
Test Registers, shown in Figure 2-12, are provided 
for the purpose of testing. TR6 is the "test command 
register", and TR7 is the "test data register". The 
fields within these registers are defined below. 

C: This is the command bit. For a write into TR6 to 
cause an immediate write into the TLB entry, write a 
to this bit. For a write into TR6 to cause an immedi- 
ate TLB lookup, write a 1 to this bit. 

Linear Address: This is the tag field of the TLB. On 
a TLB write, a TLB entry is allocated to this linear 
address and the rest of that TLB entry is set per the 
value of TR7 and the value just written into TR6. On 
a TLB lookup, the TLB is interrogated per this value 
and if one and only one TLB entry matches, the rest 
of the fields of TR6 and TR7 are set from the match- 
ing TLB entry. 

Physical Address: This is the data field of the TLB. 
On a write to the TLB, the TLB entry allocated to the 
linear address in TR6 is set to this value. On a TLB 
lookup, the data field (physical address) from the 
TLB is read out to here. 



PL: On a TLB write, PL = 1 causes the REP field of 
TR7 to select which of four associative blocks of the 
TLB is to be written, but PL=0 allows the internal 
pointer in the paging unit to select which TLB block 
is written. On a TLB lookup, the PL bit indicates 
whether the lookup was a hit (PL gets set to 1) or a 
miss (PL gets reset to 0). 

V: The valid bit for this TLB entry. All valid bits can 
also be cleared by writing to CR3. 

D, D#: The dirty bit for/from the TLB entry. 

U, U#: The user bit for/from the TLB entry. 

W, W#: The writable bit for/from the TLB entry. 

For D, U and W, both the attribute and its comple- 
ment are provided as tag bits, to permit the option of 
a "don't care" on TLB lookups. The meaning of 
these pairs of bits is given in the following table: 



X 


x# 


Effect During 
TLB Lookup 


Value of Bit 
X after TLB Write 





1 
1 




1 



1 


Miss All 

Match if X = 

Match if X= 1 

Match all 


Bit X Becomes Undefined 
Bit X Becomes 
Bit X Becomes 1 

Bit X Becomes Undefined 



For writing a TLB entry: 

1. Write TR7 for the desired physical address, PL 
and REP values. 

2. Write TR6 with the appropriate linear address, 
etc. (be sure to write C = for "write" com- 
mand). 

For looking up (reading) a TLB entry: 

1. Write TR6 with the appropriate linear address (be 
sure to write C= 1 for "lookup" command). 

2. Read TR7 and TR6, If the PL bit in TR7 indicates 
a hit, then the other values reveal the TLB con- 
tents. If PL indicates a miss, then the other values 
in TR7 and TR6 are indeterminate. 

2.12 DEBUGGING SUPPORT 

The 386 Microprocessor provides several features 
which simpiify the debugging process. The three cat- 
egories of on-chip debugging aids are: 

1) the code execution breakpoint opcode (OCCH), 

2) the single-step capability provided by the TF bit in 
the flag register, and 

3) the code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 
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NOTE: indicates Intel reserved: Do not define; SEE SECTION 2.3.1 



Figure 2-12. Test Registers 



2.12.1 Breakpoint Instruction 

A single-byte-opcode breakpoint instruction is avail- 
able for use by software debuggers. The breakpoint 
opcode is OCCh, and generates an exception 3 trap 
when executed. In typical use, a debugger program 
can "plant" the breakpoint instruction at all desired 
code execution breakpoints. The single-byte break- 
point opcode is an alias for the two-byte general 
software interrupt instruction, INT n, where n = 3. 
The only difference between INT 3 (OCCh) and INT n 
is that INT 3 is never lOPL-sensitive but INT n is 
lOPL-sensitive in Protected Mode and Virtual 8086 
Mode. 



2.12.2 Single-Step Trap 

If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1 . Pre- 
cisely, exception 1 occurs as a trap after the instruc- 
tion following the instruction which set TF. In typical 
practice, a debugger sets the TF bit of a flag register 
image on the debugger's stack. It then typically 
transfers control to the user program and loads the 
flag image with a signal instruction, the IRET instruc- 
tion. The single-step trap occurs after executing one 
instruction of the user program. 

Since the exception 1 occurs as a trap (that is, it 
occurs after the instruction has already executed), 
the CS:EIP pushed onto the debugger's stack points 
to the next unexecuted instruction of the program 
being debugged. An exception 1 handler, merely by 
ending with an IRET instruction, can therefore effi- 
ciently support single-stepping through a user pro- 
gram. 



2.12.3 Debug Registers 

The Debug Registers are an advanced debugging 
feature of the 386 Microprocessor. They allow data 
access breakpoints as well as code execution 
breakpoints. Since the breakpoints are indicated by 
on-chip registers, an instruction execution break- 



point can be placed in ROM code or in code shared 
by several tasks, neither of which can be supported 
by the INT3 breakpoint opcode. 

The 386 Microprocessor contains six Debug Regis- 
ters, providing the ability to specify up to four distinct 
breakpoints addresses, breakpoint control options, 
and read breakpoint status. Initially after reset, 
breakpoints are in the disabled state. Therefore, no 
breakpoints will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug Reg- 
isters are autovectored to exception number 1. 

2.12.3.1 LINEAR ADDRESS BREAKPOINT 
REGISTERS (DR0-DR3) 

Up to four breakpoint addresses can be specified by 
writing into Debug Registers DR0-DR3, shown in 
Figure 2-13. The breakpoint addresses specified are 
32-bit linear addresses. 386 Microprocessor hard- 
ware continuously compares the linear breakpoint 
addresses in DR0-DR3 with the linear addresses 
generated by executing software (a linear address is 
the result of computing the effective address and 
adding the 32-bit segment base address). Note that 
if paging is not enabled the linear address equals the 
physical address. If paging is enabled, the linear ad- 
dress is translated to a physical 32-bit address by 
the on-chip paging unit. Regardless of whether pag- 
ing is enabled or not, however, the breakpoint regis- 
ters hold linear addresses. 



2.12.3.2 DEBUG CONTROL REGISTER (DR7) 

A Debug Control Register, DR7 shown in Figure 
2-13, allows several debug control functions such as 
enabling the breakpoints and setting up other con- 
trol options for the breakpoints. The fields within the 
Debug Control Register, DR7, are as follows: 

LENi (breakpoint length specification bits) 

A 2-bit LEN field exists for each of the four break- 
points. LEN specifies the length of the associated 
breakpoint field. The choices for data breakpoints 
are: 1 byte, 2 bytes, and 4 bytes. Instruction execu- 
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Figure 2-13. Debug Registers 



tion breakpoints must have a length of 1 (LENi 
00). Encoding of the LENj field is as follows: 



LENi 
Encoding 


Breakpoint 
Field Width 


Usage of Least 

Significant Bits in 

Breakpoint Address 

Register i,(i -0-3) 


00 


1 byte 


All 32-bits used to 
specify a single-byte 
breakpoint field. 


01 


2 bytes 


A1 -A31 used to 
specify a two-byte, 
word-aligned 
breakpoint field. A0 in 
Breakpoint Address 
Register is not used. 


10 


Undefined- 
do not use 
this encoding 




11 


4 bytes 


A2- A3 1 usedto 
specify a four-byte, 
dword-aligned 
breakpoint field. A0 
and A1 in Breakpoint 
Address Register are 
not used. 



The LENi field controls the size of breakpoint field i 
by controlling whether all low-order linear address 
bits in the breakpoint address register are used to 
detect the breakpoint event. Therefore, all break- 
point fields are aligned; 2-byte breakpoint fields be- 
gin on Word boundaries, and 4-byte breakpoint 
fields begin on Dword boundaries. 



The following is an example of various size break- 
point fields. Assume the breakpoint linear address in 
DR2 is 00000005H. In that situation, the following 
illustration indicates the region of the breakpoint 
field for lengths of 1 , 2, or 4 bytes. 



DR2 = 000 

31 


00005H; 


LEN2 


= 00B 




00000008H 
00000004H 
OOOOOOOOH 














bkptfld2 
















DR2-000 

31 


00005H; 


LEN2 


= 01B 




00000008H 
00000004H 
OOOOOOOOH 














«- bkpt fld2 -» 














DR2 = 000 

31 


00005H; 


LEN2 


= 11B 




00000008H 
00000004H 
OOOOOOOOH 








- 


*- bkptfld2 -> 
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RWi (memory access qualifier bits) 

A 2-bit RW field exists for each of the four break- 
points. The 2-bit RW field specifies the type of usage 
which must occur in order to activate the associated 
breakpoint. 



RW 
Encoding 


Usage 
Causing Breakpoint 


00 
01 
10 

11 


Instruction execution only 

Data writes only 

Undefined — do not use this encoding 

Data reads and writes only 



RW encoding 00 is used to set up an instruction 
execution breakpoint. RW encodings 01 or 11 are 
used to set up write-only or read/write data break- 
points. 

Note that instruction execution breakpoints are 
taken as faults (i.e. before the instruction exe- 
cutes), but data breakpoints are taken as traps 

(i.e. after the data transfer takes place). 

Using LENi and RWi to Set Data Breakpoint i 

A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, 
RWi can = 01 (write-only) or 1 1 (write/read). LEN 
can = 00,01, or 11. 

If a data access entirely or partly falls within the data 
breakpoint field, the data breakpoint condition has 
occurred, and if the breakpoint is enabled, an excep- 
tion 1 trap will occur. 

Using LENi and RWi to Set Instruction Execution 
Breakpoint i 

An instruction execution breakpoint can be set up by 
writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i = 0-3). RWi 
must = 00 and LEN must = 00 for instruction exe- 
cution breakpoints. 

If the instruction beginning at the breakpoint address 
is about to be executed, the instruction execution 
breakpoint condition has occurred, and if the break- 
point is enabled, an exception 1 fault will occur be- 
fore the instruction is executed. 

Note that an instruction execution breakpoint ad- 
dress must be equal to the beginning byte address 
of an instruction (including prefixes) in order for the 
instruction execution breakpoint to occur. 

GD (Global Debug Register access detect) 

The Debug Registers can only be accessed in Real 
Mode or at privilege level in Protected Mode. The 



GD bit, when set, provides extra protection against 
any Debug Register access even in Real Mode or at 
privilege level in Protected Mode. This additional 
protection feature is provided to guarantee that a 
software debugger (or ICEtm-386) can have full con- 
trol over the Debug Register resources when re- 
quired. The GD bit, when set, causes an exception 1 
fault if an instruction attempts to read or write any 
Debug Register. The GD bit is then automatically 
cleared when the exception 1 handler is invoked, 
allowing the exception 1 handler free access to the 
debug registers. 

GE and LE (Exact data breakpoint match, global and 
local) 

If either GE or LE is set, any data breakpoint trap will 
be reported exactly after completion of the instruc- 
tion that caused the operand transfer. Exact report- 
ing is provided by forcing the 386 Microprocessor 
execution unit to wait for completion of data operand 
transfers before beginning execution of the next in- 
struction. 

If exact data breakpoint match is not selected, data 
breakpoints may not be reported until several in- 
structions later or may not be reported at all. When 
enabling a data breakpoint, it is therefore recom- 
mended to enable the exact data breakpoint match. 

When the 386 Microprocessor performs a task 
switch, the LE bit is cleared. Thus, the LE bit sup- 
ports fast task switching out of tasks, that have en- 
abled the exact data breakpoint match for their 
task-local breakpoints. The LE bit is cleared by the 
processor during a task switch, to avoid having ex- 
act data breakpoint match enabled in the new task. 
Note that exact data breakpoint match must be re- 
enabled under software control. 

The 386 Microprocessor GE bit is unaffected during 
a task switch. The GE bit supports exact data break- 
point match that is to remain enabled during all tasks 
executing in the system. 

Note that instruction execution breakpoints are al- 
ways reported exactly, whether or not exact data 
breakpoint match is selected. 

Gi and Li (breakpoint enable, global and local) 

if either Gi or Li is set then the associated breakpoint 
(as defined by the linear address in DRi, the length 
in LENi and the usage criteria in RWi) is enabled. If 
either Gi or Li is set, and the 386 Microprocessor 
detects the ith breakpoint condition, then the excep- 
tion 1 handler is invoked. 

When the 386 Microprocessor performs a task 
switch to a new Task State Segment (TSS), all Li 
bits are cleared. Thus, the Li bits support fast task 
switching out of tasks that use some task-local 
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breakpoint registers. The Li bits are cleared by the 
processor during a task switch, to avoid spurious ex- 
ceptions in the new task. Note that the breakpoints 
must be re-enabled under software control. 

All 386 Microprocessor Gi bits are unaffected during 
a task switch. The Gi bits support breakpoints that 
are active in all tasks executing in the system^ 



2.12.3.3 DEBUG STATUS REGISTER (DR6) 

A Debug Status Register, DR6 shown in Figure 2-13, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 

1 ) DRO Breakpoint fault/trap. 

2) DR 1 Breakpoint fault/trap. 

3) DR2 Breakpoint fault/trap. 

4) DR3 Breakpoint fault/trap. 

5) Single-step (TF) trap. 

6) Task switch trap. 

7) Fault due to attempted debug register access 
whenGD=1. 

The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1 . 
Note below that some of these events are faults (ex- 
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 

The flags in DR6 are set by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro- 
gram to avoid future confusion in identifying the 
source of exception 1 . 

The fields within the Debug Status Register, DR6, 
are as follows: 

Bi (debug fault/trap due to breakpoint 0-3) 

Four breakpoint indicator flags, BO- B3, correspond 
one-to-one with the breakpoint registers in DRO - 
DR3. A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 

If Gi or Li is set, and if the ith breakpoint is detected, 
the processor will invoke the exception 1 handler. 
The exception is handled as a fault if an instruction 
execution breakpoint occurred, or as a trap if a data 
breakpoint occurred. 

IMPORTANT NOTE: A flag Bi is set whenever the 
hardware detects a match condition on enabled 
breakpoint i. Whenever a match is detected on at 
least one enabled breakpoint i, the hardware imme- 



diately sets all Bi bits corresponding to breakpoint 
conditions matching at that instant, whether enabled 
or not. Therefore, the exception 1 handler may see 
that multiple Bi bits are set, but only set Bi bits corre- 
sponding to enabled breakpoints (Li or Gi set) are 
true indications of why the exception 1 handler was 
invoked. 

BD (debug fault due to attempted register access 
when GD bit set) 

This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GD bit was set. If such an 
event occurs, then the GD bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 

BS (debug trap due to single-step) 

This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). See section 2.12.2. 

BT (debug trap due to task switch) 

This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having a 386 
Microprocessor TSS with the T bit set. (See Figure 
4-1 5a). Note the task switch into the new task oc- 
curs normally, but before the first instruction of the 
task is executed, the exception 1 handler is invoked. 
With respect to the task switch operation, the opera- 
tion is considered to be a trap. 



2.12.3.4 USE OF RESUME FLAG (RF) IN FLAG 
REGISTER 

The Resume Flag (RF) in the flag word can sup- 
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. See section 2.3.3. 



3. REAL MODE ARCHITECTURE 



3.1 REAL MODE INTRODUCTION 

When the processor is reset or powered up it is ini- 
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32-bit register set of the 386 Microprocessor. The 
addressing mechanism, memory size, interrupt han- 
dling, are all identical to the Real Mode on the 
80286. 

All of the 386 Microprocessor instructions are avail- 
able in Real Mode (except those instructions 
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Figure 3-1. Real Address Mode Addressing 



listed in 4.6.4). The default operand size in Real 
Mode is 16-bits, just like the 8086. In order to use 
the 32-bit registers and addressing modes, override 
prefixes must be used. In addition, the segment size 
on the 386 Microprocessor in Real Mode is 64K 
bytes so 32-bit effective addresses must have a val- 
ue less the 0000FFFFH. The primary purpose of 
Real Mode is to set up the processor for Protected 
Mode Operation. 

The LOCK prefix on the 386 Microprocessor, even in 
Real Mode, is more restrictive than on the 80286. 
This is due to the addition of paging on the 386 Mi- 
croprocessor in Protected Mode and Virtual 8086 
Mode. Paging makes it impossible to guarantee that 
repeated string instructions can be LOCKed. The 
386 Microprocessor can't require that all pages 
holding the string be physically present in memory. 
Hence, a Page Fault (exception 14) might have to be 
taken during the repeated string instruction. There- 
fore the LOCK prefix can't be supported during re- 
peated string instructions. 

These are the only instruction forms where the 
LOCK prefix is legal on the 386 Microprocessor: 



Opcode 


Operands 
(Dest, Source) 


BIT Test and 

SET/RESET/COMPLEMENT 
XCHG 
XCHG 
ADD, OR, ADC, SBB, 

AND, SUB, XOR 
NOT, NEG, INC, DEC 


Mem, Reg/immed 

Reg, Mem 
Mem, Reg 
Mem, Reg/immed 

Mem 



An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/ modify /write operations on memory operands 



using the instructions above. For example, even the 
ADD Reg, Mem is not LOCKable, because the Mem 
operand is not the destination (and therefore no 
memory read/modify/operation is being performed). 

Since, on the 386 Microprocessor, repeated string 
instructions are not LOCKable, it is not possible to 
LOCK the bus for a long period of time. Therefore, 
the LOCK prefix is not lOPL-sensitive on the 386 
Microprocessor. The LOCK prefix can be used at 
any privilege level, but only on the instruction forms 
listed above. 



3.2 MEMORY ADDRESSING 

In Real Mode the maximum memory size is limited to 
1 megabyte. Thus, only address lines A2-A1 9 are 
active. (Exception, the high address lines A20-A31 
are high during CS-relative memory cycles until an 
intersegment jump or call is executed (see section 
2.10)). 

Since paging is not allowed in Real Mode the linear 
addresses are the same as physical addresses. 
Physical addresses are formed in Real Mode by 
adding the contents of the appropriate segment reg- 
ister which is shifted left by four bits to an effective 
address. This addition results in a physical address 
from 00000000H to 001 OFFEFH. This is compatible 
with 80286 Real Mode. Since segment registers are 
shifted left by 4 bits this implies that Real Mode seg- 
ments always start on 1 6 byte boundaries. 

All segments in Real Mode are exactly 64K bytes 
long, and may be read, written, or executed. The 386 
Microprocessor will generate an exception 13 if a 
data operand or instruction fetch occurs past the 
end of a segment, (i.e. if an operand has an offset 
greater than FFFFH, for example a word with a low 
byte at FFFFH and the high byte at 0000H.) 
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Segments may be overlapped in Real Mode. Thus, if 
a particular segment does not use all 64K bytes an- 
other segment can be overlayed on top of the un- 
used portion of the previous segment. This allows 
the programmer to minimize the amount of physical 
memory needed for a program. 



3.3 RESERVED LOCATIONS 

There are two fixed areas in memory which are re- 
served in Real address mode: system initialization 
area and the interrupt table area. Locations 00000H 
through 003FFH are reserved for interrupt vectors. 
Each one of the 256 possible interrupts has a 4-byte 
jump vector reserved for it. Locations FFFFFFFOH 
through FFFFFFFFH are reserved for system initiali- 
zation. 



3.4 INTERRUPTS 

Many of the exceptions shown in Table 2-5 and dis- 
cussed in section 2.9 are not applicable to Real 
Mode operation, in particular exceptions 10, 11, 14, 
will not happen in Real Mode. Other exceptions 
have slightly different meanings in Real Mode; Table 
3-1 identifies these exceptions. 



3.5 SHUTDOWN AND HALT 

The HLT instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, INTR with interrupts enabled 
(IF= 1), or RESET will force the 386 Microprocessor 
out of halt. If interrupted, the saved CS: IP will point 
to the next instruction after the HLT. 

Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 

An interrupt or an exception occur (Exceptions 8 
or 13) and the interrupt vector is larger than the 



Interrupt Descriptor Table (i.e. There is not an in- 
terrupt handler for the interrupt). 

A CALL, INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even, 
(e.g. pushing a value on the stack when SP = 
0001 resulting in a stack segment greater than 
FFFFH) 

An NMI input can bring the processor out of shut- 
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
001 7H) and the stack has enough room to contain 
the vector and flag information (i.e. SP is greater 
than 0005H). Otherwise shutdown can only be exit- 
ed via the RESET input. 



4. PROTECTED MODE 
ARCHITECTURE 

4.1 INTRODUCTION 

The complete capabilities of the 386 Microprocessor 
are unlocked when the processor operates in Pro- 
tected Virtual Address Mode (Protected Mode). Pro- 
tected Mode vastly increases the linear address 
space to four gigabytes (2 32 bytes) and allows the 
running of virtual memory programs of almost unlim- 
ited size (64 terabytes or 2 46 bytes). In addition Pro- 
tected Mode allows the 386 Microprocessor to run 
all of the existing 8086 and 80286 software, while 
providing a sophisticated memory management and 
a hardware-assisted protection mechanism. Protect- 
ed Mode allows the use of additional instructions 
especially optimized for supporting multitasking 
operating systems. The base architecture of the 386 
Microprocessor remains the same, the registers, 
instructions, and addressing modes described in the 
previous sections are retained. The main difference 
between Protected Mode, and Real Mode from a 
programmer's view is the increased address space, 
and a different addressing mechanism. 



Table 3-1 



Function 


Interrupt 
Number 


Related 
Instructions 


Return 
Address Location 


Interrupt table limit too small 


8 


INT Vector is not 
within table limit 


Before 
Instruction 


CS, DS, ES, FS, GS 
Segment overrun exception 


13 


Word memory reference 
beyond offset = FFFFH. 
An attempt to execute 
past the end of CS segment. 


Before 
Instruction 


SS Segment overrun exception 


12 


Stack Reference 
beyond offset = FFFFH 


Before 
Instruction 



4-28 



irtef 



386TM MICROPROCESSOR 



4.2 ADDRESSING MECHANISM 

Like Real Mode, Protected Mode uses two compo- 
nents to form the logical address, a 16-bit selector is 
used to determine the linear base address of a seg- 
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as the 32-bit physical 
address, or if paging is enabled the paging mecha- 
nism maps the 32-bit linear address into a 32-bit 
physical address. 

The difference between the two modes lies in calcu- 
lating the base address. In Protected Mode the se- 
lector is used to specify an index into an operating 



system defined table (see Figure 4-1). The table 
contains the 32-bit base address of a given seg- 
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the 386 Microprocessor. As such, pag- 
ing operates beneath segmentation. The paging 
mechanism translates the protected linear address 
which comes from the segmentation unit into a 
physical address. Figure 4-2 shows the complete 
386 Microprocessor addressing mechanism with 
paging enabled. 
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Figure 4-2. Paging and Segmentation 
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4.3 SEGMENTATION 



4.3.1 Segmentation Introduction 

Segmentation is one method of memory manage- 
ment. Segmentation provides the basis for protec- 
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam- 
ple, all of the code of a given program could be con- 
tained in a segment, or an operating system table 
may reside in a segment. All information about a 
segment is stored in an 8 byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in tables recognized by hardware. 



CPL can also be determined by examining the low- 
est 2 bits of the CS register, except for conforming 
code segments. 

EPL: Effective Privilege Level— The effective privi- 
lege level is the least privileged of the RPL and DPL 
Since smaller privilege level values indicate greater 
privilege, EPL is the numerical maximum of RPL and 
DPL 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 



4.3.3 Descriptor Tables 



4.3.2 Terminology 

The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 

PL: Privilege Level— One of the four hierarchical 
privilege levels. Level is the most privileged level 
and level 3 is the least privileged. More privileged 
levels are numerically smaller than less privileged 
levels. 

RPL: Requestor Privilege Level — The privilege level 
of the original supplier of the selector. RPL is deter- 
mined by the least two significant bits of a selector. 

DPL: Descriptor Privilege Level-^This is the least 
privileged level at which a task may access that de- 
scriptor (and the segment associated with that de- 
scriptor). Descriptor Privilege Level is determined by 
bits 6:5 in the Access Right Byte of a descriptor. 

CPL: Current Privilege Level — The privilege level at 
which a task is currently executing, which equals the 
privilege level of the code segment being executed. 



4.3.3.1 DESCRIPTOR TABLES INTRODUCTION 

The descriptor tables define all of the segments 
which are used in an 386 Microprocessor system. 
There are three types of tables on the 386 Micro- 
processor which hold descriptors: the Global De- 
scriptor Table, Local Descriptor Table, and the inter- 
rupt Descriptor Table. All of the tables are variable 
length memory arrays. They can range in size be- 
tween 8 bytes and 64K bytes. Each table can hold 
up to 8192 8 byte descriptors. The upper 13 bits of a 
selector are used as an index into the descriptor ta- 
ble. The tables have registers associated with them 
which hold the 32-bit linear base address, and the 
1 6-bit limit of each table. 

Each of the tables has a register associated with it 
the GDTR, LDTR, and the IDTR (see Figure 4-3). 
The LGDT, LLDT, and LIDT instructions, load the 
base and limit of the Global, Local, and Interrupt De- 
scriptor Tables, respectively, into the appropriate 
register. The SGDT, SLDT, and SIDT store the base 
and limit values. These tables are manipulated by 
the operating system. Therefore, the load descriptor 
table instructions are privileged instructions. 
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Figure 4-3. Descriptor Table Registers 

4-30 



inteT 



386TM MICROPROCESSOR 



4.3.3.2 GLOBAL DESCRIPTOR TABLE 

The Global Descriptor Table (GDT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GDT can contain any type of 
segment descriptor except for descriptors which are 
used for servicing interrupts (i.e. interrupt and trap 
descriptors). Every 386 Microprocessor system con- 
tains a GDT. Generally the GDT contains code and 
data segments used by the operating systems and 
task state segments, and descriptors for the LDTs in 
a system. 

The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

4.3.3.3 LOCAL DESCRIPTOR TABLE 

LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GDT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LDT or the GDT. This pro- 
vides both isolation and protection for a task's seg- 
ments, while still allowing global data to be shared 
among tasks. 

Unlike the 6 byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GDT. 



4.3.3.4 INTERRUPT DESCRIPTOR TABLE 

The third table needed for 386 Microprocessor sys- 
tems is the Interrupt Descriptor Table. (See Figure 
4-4.) The IDT contains the descriptors which point to 
the location of up to 256 interrupt service routines. 
The IDT may contain only task gates, interrupt 
gates, and trap gates. The IDT should be at least 
256 bytes in size in order to hold the descriptors for 
the 32 Intel Reserved Interrupts. Every interrupt 
used by a system must have an entry in the IDT. The 
IDT entries are referenced via INT instructions, ex- 
ternal interrupt vectors, and exceptions. (See 2.9 
Interrupts). 
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4.3.4 Descriptors 

4.3.4.1 DESCRIPTOR ATTRIBUTE BITS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight byte 
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19... 16 
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TYPE 
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BASE Base Address of the segment 

LIMIT The length of the segment 

P Present Bit 1 = Present = Not Present 

DPL Descriptor Privilege Level 0-3 

S Segment Descriptor = System Descriptor 1 = Code or Data Segment Descriptor 

TYPE Type of Segment 

A Accessed Bit 

G Granularity Bit 1 = Segment length is page granular = Segment length is byte granular 

D Default Operation Size (recognized in code segment descriptors only) 1 = 32-bit segment = 16-bit segment 

Bit must be zero (0) for compatibility with future processors 

AVL Available field for user or OS 



NOTE: 

In a maximum-size segment (ie, a segment with G = 1 and segment limit 19...0 = 
segment base should be zero (ie. segment base 11...000=000H). 



FFFFFH), the lowest 12 bits of the 



Figure 4-5. Segment Descriptors 
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quantities which contain attributes about a given re- 
gion of linear address space (i.e. a segment). These 
attributes include the 32-bit base linear address of 
the segment, the 20-bit length and granularity of the 
segment, the protection level, read, write or execute 
privileges, the default size of the operands (16-bit or 
32-bit), and the type of segment. All of the attribute 
information about a segment is contained in 12 bits 
in the segment descriptor. Figure 4-5 shows the gen- 
eral format of a descriptor. All segments on the 386 
Microprocessor have three attribute fields in com- 
mon: the P bit, the DPL bit, and the S bit. The Pres- 
ent P bit is 1 if the segment is loaded in physical 
memory, if P == then any attempt to access this 
segment causes a not present exception (exception 
11). The Descriptor Privilege Level DPL is a two-bit 
field which specifies the protection level 0-3 associ- 
ated with a segment. 



The 386 Microprocessor has two main categories of 
segments system segments and non-system seg- 
ments (for code and data). The segment S bit in the 
segment descriptor determines if a given segment is 
a system segment or a code or data segment. If the 
S bit is 1 then the segment is either a code or data 
segment, if it is then the segment is a system seg- 
ment. 

4.3.4.2 386TM CPU CODE, DATA DESCRIPTORS 
(S=1) 

Figure 4-6 shows the general format of a code and 
data descriptor and fable 4-1 illustrates how the bits 
in the Access Rights Byte are interpreted. 
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SEGMENT BASE 1 5... 


SEGMENT LIMIT 1 5... 


BASE 31 ... 24 
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AVL 


LIMIT 
19. ..16 


ACCESS 

RIGHTS 

BYTE 


BASE 
23... 16 
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D/B 1 = Default Instructions Attributes are 32-Bits 
0= Default Instruction Attributes are 16-Bjts 
AVL Available field for user or OS 



Granularity Bit 1 - Segment length is page granular 
0= Segment length is byte granular 
Bit must be zero (0) for compatibility with future processors 



Figure 4-6. Segment Descriptors 
Table 4-1. Access Rights Byte Definition for Code and Data Descriptions 



Type 
Field 
Definition 



Bit 
Position 


Name 


Function 


7 

6-5 

4 


Present (?) 

Descriptor Privilege 
Level (DPL) 
Segment Descrip- 
tor (S) 


P = 1 Segment is mapped into physical memory. 

P =* No mapping to physical memory exits, base and limit are 

not used. 

Segment privilege attribute used in privilege tests. 

S = 1 Code or Data (includes stacks) segment descriptor 
S = System Segment Descriptor or Gate Descriptor 


3 
2 

1 


Executable (E) 
Expansion Direc- 
tion (ED) 
Writeable (W) 


E = Descriptor type is data segment: 

ED = Expand up segment, offsets must be ^ limit. 

ED = 1 Expand down segment, offsets must be > limit. 

W = Data segment may not be written into. 

W = 1 Data segment may be written into. 


If 

Data 

" Segment 
(S=1, 
E = 0) 


3 
2 

1 


Executable (E) 
Conforming (C) 

Readable (R) 


E = 1 Descriptor type is code segment: 
C = 1 Code segment may only be executed 

when CPL:> DPL and CPL 

remains unchanged. 
R = Code segment may not be read. 
R = 1 Code segment may be read. . 


If 

Code 
^Segment 
(S = 1, 
E~1) 





Accessed (A) 


A = Segment has not been accessed. 
A = 1 Segment selector has been loaded into segment register 
or used by selector test instructions. 
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Code and data segments have several descriptor 
fields in common. The accessed A bit is set whenev- 
er the processor accesses a descriptor. The A bit is 
used by operating systems to keep usage statistics 
on a given segment. The G bit, or granularity bit, 
specifies if a segment length is byte-granular or 
page-granular. 386 Microprocessor segments can 
be one megabyte long with byte granularity (G = 0) 
or four gigabytes with page granularity (G = 1), (i.e., 
2 20 pages each page is 4K bytes in length). The 
granularity is totally unrelated to paging. A 386 Mi- 
croprocessor system can consist of segments with 
byte granularity, and page granularity, whether or not 
paging is enabled. 

The executable E bit tells if a segment is a code or 
data segment. A code segment (E = 1 , S = 1 ) may be 
execute-only or execute/read as determined by the 
Read R bit. Code segments are execute only if 
R = 0, and execute/read if R = 1. Code segments 
may never be written into. 

NOTE: 

Code segments may be modified via aliases. Alias- 
es are writeable data segments which occupy the 
same range of linear address space as the code 
segment. 

The D bit indicates the default length for operands 
and effective addresses. If D = 1 then 32-bit oper- 
ands and 32-bit addressing modes are assumed. If 
D = then 16-bit operands and 16-bit addressing 
modes are assumed. Therefore all existing 80286 
code segments will execute on the 386 Microproc- 
essor assuming the D bit is set 0. 

Another attribute of code segments is determined by 
the conforming C bit. Conforming segments, C=1, 
can be executed and shared by programs at differ- 
ent privilege Iqvels. (See section 4.4 Protection.) 



Segments identified as data segments (E = 0, S= 1) 
are used for two types of 386 Microprocessor seg- 
ments: stack and data segments. The expansion di- 
rection (ED) bit specifies if a segment expands 
downward (stack) or upward (data). If a segment is a 
stack segment all offsets must be greater than the 
segment limit. On a data segment all offsets must be 
less than or equal to the limit. In other words, stack 
segments start at the base linear address plus the 
maximum segment limit and grow down to the base 
linear address plus the limit. On the other hand, data 
segments start at the base linear address and ex- 
pand to the base linear address plus limit. 

The write W bit controls the ability to write into a 
segment. Data segments are read-only if W=0. The 
stack segment must have W= 1 . 

The B bit controls the size of the stack pointer regis- 
ter. If B = 1, then PUSHes, POPs, and CALLs all use 
the 32-bit ESP register for stack references and as- 
sume an upper limit of FFFFFFFFH. If B = 0, stack 
instructions all use the 16-bit SP register and as- 
sume an upper limit of FFFFH. 

4.3.4.3 SYSTEM DESCRIPTOR FORMATS 

System segments describe information about oper- 
ating system tables, tasks, and gates. Figure 4-7 
shows the general format of system segment de- 
scriptors, and the various types of system segments. 
386 Microprocessor system descriptors contain a 
32-bit base linear address and a 20-bit segment lim- 
it. 80286 system descriptors have a 24-bit base ad- 
dress and a 16-bit segment limit. 80286 system de- 
scriptors are identified by the upper 1 6 bits being all 
zero. 
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Type Defines 

Invalid 

1 Available 80286 TSS 

2 LDT 

3 Busy 80286 TSS 

4 80286 Call Gate 

5 Task Gate (for 80286 or 386tm CPU Task) 

6 80286 Interrupt Gate 

7 80286 Trap Gate 



Type Defines 

8 Invalid 

9 Available 386TM CPU TSS 
A Undefined (Intel Reserved) 
B Busy 386TM CPU TSS 

C 386TM CPU Call Gate 

D Undefined (Intel Reserved) 

E 386tm CPU Interrupt Gate 

F 386TM CPU Trap Gate 



Figure 4-7. System Segments Descriptors 
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4.3.4.4 LDT DESCRIPTORS (S = 0, TYPE = 2) 

LDT descriptors (S = TYPE = 2) contain informa- 
tion about Local Descriptor Tables. LDTs contain a 
table of segment descriptors, unique to a particular 
task. Since the instruction to load the LDTR is only 
available at privilege level 0, the DPL field is ignored. 
LDT descriptors are only allowed in the Global De- 
scriptor Table (GDT). 



4.3.4.5 TSS DESCRIPTORS (S=0, 
TYPE =.1/3, 9, B) 

A Task State Segment (TSS) descriptor contains in- 
formation about the location, size, and privilege level 
of a Task State Segment (TSS). A TSS in turn is a 
special fixed format segment which contains all the 
state information for a task and a linkage field to 
permit nesting tasks. The TYPE field is used to indi- 
cate whether the task is currently BUSY (i.e. on a 
chain of active tasks) or the TSS is available. The 
TYPE field also indicates if the segment contains a 
80286 or a 386 Microprocessor TSS. The Task Reg- 
ister (TR) contains the selector which points to the 
current Task State Segment. 



4.3.4.6 GATE DESCRIPTORS (S = 0, 
TYPE = 4-7, C, F) 

Gates are used to control access to entry points 
within the target code segment. The various types of 



gate descriptors are call gates, task 
interrupt gates, and trap gates. Gates provide a 
level of indirection between the source and destina- 
tion of the control transfer. This indirection allows 
the processor to automatically perform protection 
checks. It also allows system designers to control 
entry points to the operating system. Call gates are 
used to change privilege levels (see section 4.4 
Protection), task gates are used to perform a task 
switch, and interrupt and trap gates are used to 
specify interrupt service routines. 

Figure 4-8 shows the format of the four types of gate 
descriptors. Call gates are primarily used to transfer 
program control to a more privileged level. The call 
gate descriptor consists of three fields: the access 
byte, a long pointer (selector and offset) which 
points to the start of a routine and a word count 
which specifies how many parameters are to be cop- 
ied from the caller's stack to the stack of the called 
routine. The word count field is only used by call 
gates when there is a change in the privilege level, 
other types of gates ignore the word count field. 

Interrupt and trap gates use the destination selector 
and destination offset fields of the gate descriptor as 
a pointer to the start of the interrupt or trap handler 
routines. The difference between interrupt gates and 
trap gates is that the interrupt gate disables inter- 
rupts (resets the IF bit) while the trap gate does not. 
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Gate Descriptor Fieids 
Name Value Description 

Type 4 80286 call gate 

5 Task gate (for 80286 or 386TM CPU task) 

6 80286 interrupt gate 

7 80286 trap gate 

C 386tm CPU call gate 

E 386tm CPU interrupt gate 

F 386tm CPU trap gate 

P Descriptor contents are not valid 

1 Descriptor contents are valid 

DPL— least privileged level at which a task may access the gate. WORD COUNT 0-31— the number of parameters to copy from caller's stack 
to the called procedure's stack. The parameters are 32-bit quantifies for 386TM CPU gates, and 16-bit quantities for 80286 gates. 



DESTINATION 
SELECTOR 



DESTINATION 
OFFSET 



16-bit 
selector 



offset 

16-bit 80286 
32-bit 386TM CPU 



Selector to the target code segment 

or 

Selector to the target task state segment for task c. 

Entry point within the target code segment 



Figure 4-8. Gate Descriptor Formats 
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Task gates are used to switch tasks. Task gates 
may only refer to a task state segment (see section 
4.4.6 Task Switching) therefore only the destination 
selector portion of a task gate descriptor is used, 
and the destination offset is ignored. 

Exception 13 is generated when a destination selec- 
tor does not refer to a correct descriptor type, i.e., a 
code segment for an interrupt, trap or call gate, a 
TSS for a task gate. 

The access byte format is the same for all gate de- 
scriptors. P = 1 indicates that the gate contents are 
valid. P=0 indicates the contents are not valid and 
causes exception 1 1 if referenced. DPL is the de- 
scriptor privilege level and specifies when this de- 
scriptor may be used by a task (see section 4.4 
Protection). The S field, bit 4 of the access rights 
byte, must be to indicate a system control descrip- 
tor. The type field specifies the descriptor type as 
indicated in Figure 4-8. 

4.3.4.7 DIFFERENCES BETWEEN 386TM 
MICROPROCESSOR AND 80286 
DESCRIPTORS 

In order to provide operating system compatibility 
between the 80286 and 386 Microprocessor, the 
386 Microprocessor supports all of the 80286 seg- 
ment descriptors. Figure 4-9 shows the general for- 
mat of an 80286 system segment descriptor. The 
only differences between 80286 and 386 Microproc- 
essor descriptor formats are that the values of the 
type fields, and the limit and base address fields 
have been expanded for the 386 Microprocessor. 
The 80286 system segment descriptors contained a 
24-bit base address and 16-bit limit, while the 386 
Microprocessor system segment descriptors have a 
32-bit base address, a 20-bit limit field, and a granu- 
larity bit. 

By supporting 80286 system segments the 386 Mi- 
croprocessor is able to execute 80286 application 
programs on a 386 Microprocessor operating 
system. This is possible because the processor 
automatically understands which descriptors are 



80286-style descriptors and which descriptors are 
386 Microprocessor-style descriptors. In particular, if 
the upper word of a descriptor is zero, then that de- 
scriptor is a 80286-style descriptor. 

The only other differences between 80286-style de- 
scriptors and 386 Microprocessor descriptors is the 
interpretation of the word count field of call gates 
and the B bit. The word count field specifies the 
number of 16-bit quantities to copy for 80286 call 
gates and 32-bit quantities for 386 Microprocessor 
call gates. The B bit controls the size of PUSHes 
when using a call gate; if B = PUSHes are 1 6 bits, 
if B=1 PUSHes are 32 bits. 



4.3.4.8 SELECTOR FIELDS 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table Indicator (Tl), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4-10. The 
Tl bits select one of two memory-based tables of 
descriptors (the Global Descriptor Table or the Local 
Descriptor Table). The Index selects one of 8K de- 
scriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 

4.3.4.9 SEGMENT DESCRIPTOR CACHE 

In addition to the selector value, every segment reg- 
ister has a segment descriptor cache register asso- 
ciated with it. Whenever a segment register's con- 
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg- 
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg- 
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val- 
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Figure 4-9. 80286 Code and Data Segment Descriptors 



4-35 



iiM 



386TM MICROPROCESSOR 







SELECTOR 








231630-59 




15 


4 3 2 10 




SEGMENT 
REGISTER 





-< 





1 


Tl RPL 

1 1 | 








t 










INC 


EX 


TABLE 
INDICATOR 










■ 


Tl=1 

1 




Tl=0 


1 


N 


^ 


N 
_ DESCRIPTOR 


A 




1 ji •MiiuorD 


f A 


6 

5 

4 
3 


\r 


6 
5 
4 
3 
2 
1 



, , * 














':':M^W^-- 








2 

1 













NULL 












LOCAL 

DESCRIPTOR 

TABLE 




GLOBAL 

DESCRIPTOR 

TABLE 



Figure 4-10. Example Descriptor Selection 
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4.3.4.10 SEGMENT DESCRIPTOR REGISTER 
SETTINGS 

The contents of the segment descriptor cache vary 
depending on the mode the 386 Microprocessor is 
operating in. When operating in Real Address Mode, 
the segment base, limit, and other attributes within 
the segment cache registers are defined as 



shown in Figure 4-1 1 . For compatiblity with the 8086 
architecture, the base is set to sixteen times the cur- 
rent selector value, the limit is fixed at 0000FFFFH, 
and the attributes are fixed so as to indicate the seg- 
ment is present and fully usable. In Real Address 
Mode, the internal "privilege level" is always fixed to 
the highest level, level 0, so I/O and other privileged 
opcodes may be executed. 
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♦Except the 32-bit CS base is initialized to FFFFF000H after reset until first intersegment control transfer (e.g. intersegment CALL, or 
intersegment JMP, or INT). (See Figure 4-13 Example.) 
Key: Y = yes 
N = no 

= privilege level 

1 = privilege level 1 

2 = privilege level 2 

3 = privilege level 3 
U = expand up 



D = expand down 

B = byte granularity 

P = page granularity 

W = push/pop 16-bit words 

F = push/pop 32-bit dwords 

- = does not apply to that segment cache register 



Figure 4-11. Segment Descriptor Caches for Real Address Mode 
(Segment Limit and Attributes are Fixed) 
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When operating in Protected Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-12. 
In Protected Mode, each of these fields are defined 



according to the contents of the segment descriptor 
indexed by the selector value loaded into the seg- 
ment register. 
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Key: 



Y = fixed yes 

N = fixed no 

d = per segment descriptor 

p = per segment descriptor; descriptor must indicate "present" to avoid exception 1 1 

(exception 12 in case of SS) 
r = per segment descriptor, but descriptor must indicate "readable" to avoid exception 13 

(special case for SS) 
w =. per segment descriptor, but descriptor must indicate "writable" to avoid exception 13 

(special case for SS) 
- = does not apply to that segment cache register 
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Figure 4-12. Segment Descriptor Caches for Protected Mode (Loaded per Descriptor) 
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When operating in a Virtual 8086 Mode within the 
Protected Mode, the segment base, limit, and other 
attributes within the segment cache registers are de- 
fined as shown in Figure 4-13. For compatibility with 
the 8086 architecture, the base is set to sixteen 
times the current selector value, the limit is fixed at 



0000FFFFH, and the attributes are fixed so as to 
indicate the segment is present and fully usable. The 
virtual program executes at lowest privilege level, 
level 3, to allow trapping of all lOPL-sensitive in- 
structions and level-O-only instructions. 
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Key: 



Y = yes 

N = no 

= privilege level 

1 = privilege level 1 

2 = privilege level 2 

3 = privilege level 3 
U = expand up 



D = expand down 

B = byte granularity 

P = page granularity 

W = push/pop 16-bit words 

F = push/pop 32-bit dwords 

- = does not apply to that segment cache register 



Figure 4-13. Segment Descriptor Caches for Virtual 8086 Mode within Protected Mode 
(Segment Limit and Attributes are Fixed) 
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4.4 PROTECTION 

4.4.1 Protection Concepts 
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Figure 4-14. Four-Level Hierachical Protection 

The 386 Microprocessor has four levels of protec- 
tion which are optimized to support the needs of a 
multi-tasking operating system to isolate and protect 
user programs from each other and the operating 
system. The privilege levels control the use of privi- 
leged instructions, I/O instructions, and access to 
segments and segment descriptors. Unlike tradition- 
al microprocessor-based systems where this protec- 
tion is achieved only through the use of complex 
external hardware and software the 386 Microproc- 
essor provides the protection as part of its integrat- 
ed Memory Management Unit. The 386 Microproc- 
essor offers an additional type of protection on a 
page basis, when paging is enabled (See section 
4.5.3 Page Level Protection). 

The four-level hierarchical privilege system is illus- 
trated in Figure 4-14. It is an extension of the user/ 
supervisor privilege mode commonly used by mini- 
computers and, in fact, the user/supervisor mode is 
fully supported by the 386 Microprocessor paging 
mechanism. The privilege levels (PL) are numbered 
through 3. Level is the most privileged or trusted 
level. 



4.4.2 Rules of Privilege 

The 386 Microprocessor controls access to both 
data and procedures between levels of a task, ac- 
cording to the following rules. 

• Data stored in a segment with privilege level p can 
be accessed only by code executing at a privilege 
level at least as privileged as p. 

• A code segment/procedure with privilege level p 
can only be called by a task executing at the same 
or a lesser privilege level than p. 



4.4.3 Privilege Levels 

4.4.3.1 TASK PRIVILEGE 

At any point in time, a task on the 386 Microproces- 
sor always executes at one of the four privilege lev- 
els. The Current Privilege Level (CPL) specifies the 
task's privilege level. A task's CPL may only be 
changed by control transfers through gate descrip- 
tors to a code segment with a different privilege lev- 
el. (See section 4.4.4 Privilege Level Transfers) 
Thus, an application program running at PL = 3 may 
call an operating system routine at PL = 1 (via a 
gate) which would cause the task's CPL to be set to 
1 until the operating system routine was finished. 



4.4.3.2 SELECTOR PRIVILEGE (RPL) 

The privilege level of a selector is specified by the 
RPL field. The RPL is the two least significant bits of 
the selector. The selector's RPL is only used to es- 
tablish a less trusted privilege jevel than the current 
privilege level for the use of a segment. This level is 
called the task's effective privilege level (EPL). The 
EPL is defined as being the least privileged (i.e. nu- 
merically larger) level of a task's CPL and a selec- 
tor's RPL. Thus, if selector's RPL = then the CPL 
always specifies the privilege level for making an ac- 
cess using the selector. On the other hand if RPL = 
3 then a selector can only access segments at level 
3 regardless of the task's CPL. The RPL is most 
commonly used to verify that pointers passed to an 
operating system procedure do not access data that 
is of higher privilege than the procedure that origi- 
nated the pointer. Since the originator of a selector 
can specify any RPL value, the Adjust RPL (ARPL) 
instruction is provided to force the RPL bits to the 
originator's CPL. 



4.4.3.3 I/O PRIVILEGE AND I/O PERMISSION 
BITMAP 

The I/O privilege level (IOPL, a 2-bit field in the 
EFLAG register) defines the least privileged level at 
which I/O instructions can be unconditionally per- 
formed. I/O instructions can be unconditionally per- 
formed when CPL ^ IOPL. (The I/O instructions are 
IN, OUT, INS, OUTS, REP INS, and REP OUTS.) 
When CPL > IOPL, and the current task is associat- 
ed with a 286 TSS, attempted I/O instructions cause 
an exception 13 fault. When CPL > IOPL, and the 
current task is associated with a 386 Microprocessor 
TSS, the I/O Permission Bitmap (part of a 386 Mi- 
croprocessor TSS) is consulted on whether I/O to 
the port is allowed, or an exception 1 3 fault is to be 
generated instead. For diagrams of the I/O Permis- 
sion Bitmap, refer to Figures 4-1 5a and 4-1 5b. For 
further information on how the I/O Permission Bit- 
map is used in Protected Mode or in Virtual 8086 
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Mode, refer to section 4.6.4 Protection and I/O Per- 
mission Bitmap. 

The I/O privilege level (IOPL) also affects whether 
several other instructions can be executed or cause 
an exception 13 fault instead. These instructions are 
called "lOPL-sensitive" instructions and they are 
CLI and STI. (Note that the LOCK prefix is not IOPL- 
sensitive on the 386 Microprocessor.) 

The IOPL also affects whether the IF (interrupts en- 
able flag) bit can be changed by loading a value into 
the EFLAGS register. When CPL <. IOPL, then the 
IF bit can be changed by loading a new value into 
the EFLAGS register. When CPL > IOPL, the IF bit 
cannot be changed by a new value POP'ed into (or 
otherwise loaded into) the EFLAGS register; the IF 
bit merely remains unchanged and no exception is 
generated. 

Table 4-2. Pointer Test Instructions 



Instruction 


Operands 


Function 


ARPL 


Selector, 
Register 


Adjust Requested Privi- 
lege Level: adjusts the 
RPL of the selector to the 
numeric maximum of 
current selector RPL value 
and the RPL value in the 
register. Set zero flag if 
selector RPL was 
changed. 


VERR 


Selector 


VERify for Read: sets the 
zero flag if the segment 
referred to by the selector 
can be read. 


VERW 


Selector 


VERify for Write: sets the 
zero flag if the segment 
referred to by the selector 
can be written. 


LSL 


Register, 
Selector 


Load Segment Limit: reads 
the segment limit into the 
register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 


LAR 


Register, 
Selector 


Load Access Rights: reads 
the descriptor access 
rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 



4.4.3.4 PRIVILEGE VALIDATION 

The 386 Microprocessor provides several instruc- 
tions to speed pointer testing and help maintain sys- 
tem integrity by verifying that the selector value 
refers to an appropriate segment. Table 4-2 summa- 
rizes the selector validation procedures available for 
the 386 Microprocessor. 

This pointer verification prevents the common prob- 
lem of an application at PL = 3 calling a operating 
systems routine at PL = and passing the operat- 
ing system routine a "bad" pointer which corrupts a 
data structure belonging to the operating system. If 
the operating system routine uses the ARPL instruc- 
tion to ensure that the RPL of the selector has no 
greater privilege than that of the caller, then this 
problem can be avoided. 

4.4.3.5 DESCRIPTOR ACCtSS 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. Deter- 
mining the ability of a task to access a segment in- 
volves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL as described above. 

Any time an instruction loads data segment registers 
(DS, ES, FS, GS) the 386 Microprocessor makes 
protection validation checks. Selectors loaded in the 
DS, ES, FS, GS registers must refer only to data 
segments or readable code segments. The data ac- 
cess rules are specified in section 4.2.2 Rules of 
Privilege. The only exception to those rules is read- 
able conforming code segments which can be ac- 
cessed at any privilege level. 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL an exception 13 (gen- 
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In- 
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg- 
ments. The DPL and RPL must equal the CPL. All 
other descriptor types or a privilege level violation 
will cause exception 13. A stack not present fault 
causes exception 12. Note that an exception 11 is 
used for a not-present code or data segment. 



4.4.4 Privilege Level Transfers 

Inter-segment control transfers occur when a selec- 
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
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Table 4^3. Descriptor Types Used for Control Transfer 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 


CALL 


Call Gate 


GDT/LDT 


Interrupt Instruction, 
Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


Intersegment to a lower privilege level 
(changes task CPL) 


RET, IRET* 


Code Segment 


GDT/LDT 




CALL, JMP 


Task State 
Segment 


GDT 


Task Switch 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET** 

Interrupt Instruction, 
Exception, External 
Interrupt 


Task Gate 


IDT 



*NT (Nested Task bit of flag register) = 
**NT (Nested Task bit of flag register) = 1 



or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4-3. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only via 
control transfers, by using gates, task switches, and 
interrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13 (e.g. JMP through a 
call gate, or IRET from a normal subroutine call). 

In order to provide further system security, all control 
transfers are also subject to the privilege rules. 

The privilege rules require that: 

— Privilege level transitions can only occur via 
gates. 

— J MPs can be made to a non-conforming code 
segment with the same privilege or to a conform- 
ing code segment with greater or equal privilege. 

— CALLs can be made to a non-conforming code 
segment with the same privilege or via a gate to a 
more privileged level. 

— Interrupts handled within the task obey the same 
privilege rules as CALLs. 

— Conforming Code segments are accessible by 
privilege levels which are the same or less privi- 
leged than the conforming-code segment's DPL. 

— ' Both the requested privilege level (RPL) in the 
selector pointing to the gate and the task's CPL 



must be of equal or greater privilege than the 
gate's DPL 

— The code segment selected in the gate must be 
the same or more privileged than the task's CPL. 

— Return instructions that do not switch tasks can 
only return control to a code segment with same 
or less privilege. 

— Task switches can be performed by a CALL, 
JMP, or INT which references either a task gate 
or task state segment who's DPL is less privi- 
leged or the same privilege as the old task's CPL. 

Any control transfer that changes CPL within a task 
causes a change of stacks as a result of the privi- 
lege level change. The initial values of SS:ESP for 
privilege levels 0, 1 , and 2 are retained in the task 
state segment (see section 4.4.6 Task Switching). 
During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and ESP regis- 
ters and the previous stack pointer is pushed onto 
the new stack. 

When RETurning to the original privilege level, use 
of the lower-privileged stack is restored as part of 
the RET or IRET instruction operation. For subrou- 
tine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words (as 
specified in the gate's word count field) are copied 
from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust- 
ment value will correctly restore the previous stack 
pointer upon return. 
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Figure 4- 15a. 386tm Microprocessor TSS and TSS Registers 
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Figure 4- 15b. Sample I/O Permission Bit Map 



4.4.5 Call Gates 



Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust- 
ed procedures (such as those which allocate memo- 
ry, or perform I/O). 

Gate descriptors follow the data access rules of priv- 
ilege; that is, gates can be accessed by a task if the 
EPL, is equal to or more privileged than the gate 
descriptor's DPL. Gates follow the control transfer 
rules of privilege and therefore may only transfer 
control to a more privileged level. 

Call Gates are accessed via a CALL instruction and 
are syntactically identical to calling a normal subrou- 
tine. When an inter-level 386 Microprocessor call 
gate is activated, the following actions occur. 

1 . Load CS:EIP from gate check for validity 

2. SS is pushed zero-extended to 32 bits 

3. ESP is pushed 

4. Copy Word Count 32-bit parameters from the 
old stack to the new stack 

5. Push Return address on stack 

The procedure is identical for 80286 Call gates, ex- 
cept that 16-bit parameters are copied and 16-bit 
registers are pushed. 

Interrupt Gates and Trap gates work in a similar 
fashion as the call gates, except there is no copying 
of parameters. The only difference between Trap 
and Interrupt gates is that control transfers through 
an Interrupt gate disable further interrupts (i.e. the IF 
bit is set to 0), and, Trap gates leave the interrupt 
status unchanged. 

4.4.6 Task Switching 

A very important attribute of any multi-tasking/ multi- 
user operating systems is its ability to rapidly switch 
between tasks or processes. The 386 Microproces- 
sor directly supports this operation by providing a 
task switch instruction in hardware. The 386 Micro- 
processor task switch operation saves the en- 



tire state of the machine (all of the registers, address 
space, and a link to the previous task), loads a new 
execution state, performs protection checks, and 
commences execution in the new task, in about 1 7 
microseconds. Like transfer of control via gates, the 
task switch operation is invoked by executing an in- 
ter-segment JMP or CALL instruction which refers to 
a Task State Segment (TSS), or a task gate descrip- 
tor in the GDT or LDT. An INT n instruction, excep- 
tion, trap, or external interrupt may also invoke the 
task switch operation if there is a task gate descrip- 
tor in the associated IDT descriptor slot. 

The TSS descriptor points to a segment (see Figure 
4-15) containing the entire 386 Microprocessor exe- 
cution state while a task gate descriptor contains a 
TSS selector. The 386 Microprocessor supports 
both 80286 and 386 Microprocessor style TSSs. Fig- 
ure 4-16 shows a 80286 TSS. The limit of a 386 
Microprocessor TSS must be greater than 0064H 
(002BH for a 80286 TSS), and can be as large as 4 
Gigabytes. In the additional TSS space, the operat- 
ing system is free to store additional information 
such as the reason the task is inactive, time the task 
has spent running, and open files belong to the task. 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
386 Microprocessor called the Task State Segment 
Register (TR). This register contains a selector refer- 
ring to the task state segment descriptor that de- 
fines the current TSS. A hidden base and limit regis- 
ter associated with TR are loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 
interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and machine status 
word (CR0) give information about the state of a 
task which are useful to the operating system. The 
Nested Task (NT) (bit 14 in EFLAGS) controls the 
function of the IRET instruction. If NT = 0, the IRET 
instruction performs the regular return; when NT = 
1 , IRET performs a task switch operation back to the 
previous task. The NT bit is set or reset in the follow- 
ing fashion: 
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Figure 4-16. 80286 TSS 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that does 
not cause a task switch will clear NT. (The NT bit will 
be restored after execution of the interrupt handier) 
NT may also be set or cleared by POPF or I RET 
instructions. 

The 386 Microprocessor task state segment is 
marked busy by changing the descriptor type field 
from TYPE 9H to TYPE BH. An 80286 TSS is 
marked busy by changing the descriptor type field 
from TYPE 1 to TYPE 3. Use of a selector that refer- 
ences a busy task state segment causes an excep- 
tion 13. 

The Virtual Mode (VM) bit 1 7 is used to indicate if a 
task, is a virtual 8086 task. If VM = 1 , then the tasks 
will use the Real Mode addressing mechanism. The 
virtual 8086 environment is only entered and exited 
via a task switch (see section 4.6 Virtual Mode). 

The coprocessor's state is not automatically saved 
when a task switch occurs, because the incoming 
task may not use the coprocessor. The Task 
Switched (TS) Bit (bit 3 in the CR0) helps deal with 
the coprocessor's state in a multi-tasking environ- 



ment. Whenever the 386 Microprocessor switches 
tasks, it sets the TS bit. The 386 Microprocessor 
detects the first use of a processor extension in- 
struction after a task switch and causes the proces- 
sor extension not available exception 7. The excep- 
tion handler for exception 7 may then decide wheth- 
er to save the state of the coprocessor. A processor 
extension not present exception (7) will occur when 
attempting to execute an ESC or WAIT instruction if 
the Task Switched and Monitor coprocessor exten- 
sion bits are both set (i.e. TS = 1 and MP = 1). 

The T bit in the 386 Microprocessor TSS indicates 
that the processor should generate a debug excep- 
tion when switching to a task. If T '= 1 then upon 
entry to a new task a debug exception 1 will be gen- 
erated. 

4.4.7 Initialization and Transition to 
Protected Mode 

Since the 386 Microprocessor begins executing in 
Real Mode immediately after RESET it is necessary 
to initialize the system tables and registers with the 
appropriate values. 

The GDT and IDT registers must refer to a valid GDT 
and IDT. The IDT should be at least 256 bytes long, 
and GDT must contain descriptors for the initial 
code, and data segments. Figure 4-17 shows the 
tables and Figure 4-18 the descriptors needed for a 
simple Protected Mode 386 Microprocessor system. 
It has a single code and single data/stack segment 
each four gigabytes long and a single privilege level 
PL = 0. 

The actual method of enabling Protected Mode is to 
load CR0 with the PE bit set, via the MOV CR0, R/M 
instruction. This puts the 386 Microprocessor in Pro- 
tected Mode. 

After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS 
register and flush the instruction decode queue. The 
final step is to load all of the data segment registers 
with the initial selector values. 

An alternate approach to entering Protected Mode 
which is especially appropriate for multi-tasking op- 
erating systems, is to use the built in task-switch to 
load all of the registers. In this case the GDT would 
contain two TSS descriptors in addition to the code 
and data descriptors needed for the first task. The 
first JMP instruction in Protected Mode would jump 
to the TSS causing a task switch and loading all of 
the registers with the values stored in the TSS. The 
Task State Segment Register should be initialized to 
point to a valid TSS descriptor since a task switch 
saves the state of the current task in a task state 
segment. 
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Figure 4-17. Simple Protected System 
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Figure 4-18. GDT Descriptors for Simple System 



4.4.8 Tools for Building Protected 
Systems 

In order to simplify the design of a protected multi- 
tasking system, Intel provides a tool which allows 
the system designer an easy method of constructing 
the data structures needed for a Protected Mode 
386 Microprocessor system. This tool is the builder 
BLD-386™. BLD-386 lets the operating system writ- 
er specify all of the segment descriptors discussed 
in the previous sections (LDTs, IDTs, GDTs, Gates, 
and TSSs) in a high-level language. 



4.5 PAGING 



4.5.1 Paging Concepts 

Paging is another type of memory management use- 
ful for virtual memory multitasking operating sys- 
tems. Unlike segmentation which modularizes pro- 
grams and data into variable length segments, 
paging divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
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structure of a program. While segment selectors can 
be considered the logical "name" of a program 
module or data structure, a page most likely corre- 
sponds to only a portion of a module or data struc- 
ture. 

By taking advantage of the locality of reference dis- 
played by most programs, only a small number of 
pages from each active task need be in memory at 
any one moment. 



4.5.2 Paging Organization 

4.5.2.1 PAGE MECHANISM 

The 386 Microprocessor uses two levels of tables to 
translate the linear address (from the segmentation 
unit) into a physical address. There are three com- 
ponents to the paging mechanism of the 386 Micro- 
processor: the page directory, the page tables, and 
the page itself (page frame). All memory-resident el- 
ements of the 386 Microprocessor paging mecha- 
nism are the same size, namely, 4K bytes. A uniform 
size for all of the elements simplifies memory alloca- 
tion and reallocation schemes, since there is no 
problem with memory fragmentation. Figure 4-19 
shows how the paging mechanism works. 



4.5.2.2 PAGE DESCRIPTOR BASE REGISTER 

CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
page fault detected. 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory. The lower 12 bits of CR3 are 
always zero to ensure that the Page Directory is al- 
ways page aligned. Loading it via a MOV CR3, reg 
instruction causes the Page Table Entry cache to be 
flushed, as will a task switch through a TSS which 
changes the value of CRO. (See 4.5.4 Translation 
Lookaside Buffer). 

4.5.2.3 PAGE DIRECTORY 

The Page Directory is 4K bytes long and allows up to 
1024 Page Directory Entries. Each Page Directory 
Entry contains the address of the next level of ta- 
bles, the Page Tables and information about the 
page table. The contents of a Page Directory Entry 
are shown in Figure 4-20. The upper 10 bits of the 
linear address (A22-A31) are used as an index to 
select the correct Page Directory Entry. 
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Figure 4-19. Paging Mechanism 
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Figure 4-20. Page Directory Entry (Points to Page Table) 
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Figure 4-21. Page Table Entry (Points to Page) 



4.5.2.4 PAGE TABLES 



Each Page Table is 4K bytes and holds up to 1024 
Page Table Entries. Page Table Entries contain the 
starting address of the page frame and statistical 
information about the page (see Figure 4-21). Ad- 
dress bits A12-A21 are used as an index to select 
one of the 1024 Page Table Entries. The 20 upper- 
bit page frame address is concatenated with the 
lower 12 bits of the linear address to form the physi- 
cal address. Page tables can be shared between 
tasks and swapped to disks. 

4.5.2.5 PAGE DIRECTORY/TABLE ENTRIES 

The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively. The P 
(Present) bit indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 the entry can be used for address translation 
if P = the entry can not be used for translation, 
and all of the other bits are available for use by the 
software. For example the remaining 31 bits could 
be used to indicate where on the disk the page is 
stored. 

The A (Accessed) bit 5, is set by the 386 Microproc- 
essor for both types of entries before a read or write 
access occurs to an address covered by the entry. 
The D (Dirty) bit 6 is set to 1 before a write to an 
address covered by that page table entry occurs. 
The D bit is undefined for Page Directory Entries. 
When the P, A and D bits are updated by the 386 
Microprocessor, the processor generates a Read- 
Modify-Write cycle which locks the bus and prevents 
conflicts with other processors or perpherials. Soft- 
ware which modifies these bits should use the LOCK 
prefix to ensure the integrity of the page tables in 
multi-master systems. 

The 3 bits marked OS Reserved in Figure 4-20 and 
Figure 4-21 (bits 9-11) are software definable. OSs 
are free to use these bits for whatever purpose they 
wish. An example use of the OS Reserved bits 
would be to store information about page aging. By 
keeping track of how long a page has been in mem- 
ory since being accessed, an operating system can 
implement a page replacement algorithm like Least 
Recently Used. 



The (User/Supervisor) U/S bit 2 and the (Read/ 
Write) R/W bit 1 are used to provide protection attri- 
butes for individual pages. 



4.5.3 Page Level Protection 
(R/W, U/S Bits) 

The 386 Microprocessor provides a set of protection 
attributes for paging systems. The paging mecha- 
nism distinguishes between two levels of protection: 
User which corresponds to level 3 of the segmenta- 
tion based protection, and supervisor which encom- 
passes all of the other protection levels (0, 1, 2). 
Programs executing at Level 0, 1 or 2 bypass the 
page protection, although segmentation based pro- 
tection is still enforced by the hardware. 

The U/S and R/W bits are used to provide Us- 
er/Supervisor and Read/Write protection for individ- 
ual pages or for all pages covered by a Page Table 
Directory Entry. The U/S and R/W bits in the first 
level Page Directory Table apply to all pages de- 
scribed by the page table pointed to by that directory 
entry. The U/S and R/W bits in the second level 
Page Table Entry apply only to the page described 
by that entry. The U/S and R/W bits for a given 
page are obtained by taking the most restrictive of 
the U/S and R/W from the Page Directory Table 
Entries and the Page Table Entries and using these 
bits to address the page. 

Example: If the U/S and R/W bits for the Page Di- 
rectory entry were 10 and the U/S and R/W bits for 
the Page Table Entry were 01, the access rights for 
the page would be 01 , the numerically smaller of the 
two. Table 4-4 shows the affect of the U/S and R/W 
bits on accessing memory. 



Table 4-4. Protection Provid 


led by R/W and U/S 


U/S 


R/W 


Permitted 
Level 3 


Permitted Access 
Levels 0, 1,or2 




1 
1 



1 


1 


None 
None 

Read-Only 
Read/Write 


Read/Write 
Read/Write 
Read/Write 
Read/Write 



However a given segment can be easily made read- 
only for level 0, 1, or 2 via the use of segmented 
protection mechanisms. (Section 4.4 Protection). 
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4.5.4 Translation Lookaside Buffer 

The 386 Microprocessor paging hardware is de- 
signed to support demand paged virtual memory 
systems. However, performance would degrade 
substantially if the processor was required to access 
two levels of tables for every memory reference. To 
solve this problem, the 386 Microprocessor keeps a 
cache of the most recently accessed pages, this 
cache is called the Translation Lookaside Buffer 
(TLB). The TLB is a four-way set associative 32-en- 
try page table cache. It automatically keeps the most 
commonly used Page Table Entries in the proces- 
sor. The 32-entry TLB coupled with a 4K page size, 
results in coverage of 128K bytes of memory ad- 
dresses. For many common multi-tasking systems, 
the TLB will have a hit rate of about 98%. This 
means that the processor will only have to access 
the two-level page structure on 2% of all memory 
references. Figure 4-22 illustrates how the TLB com- 
plements the 386 Microprocessor's paging mecha- 
nism. 



4.5.5 Paging Operation 
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Figure 4-22. Translation Lookaside Buffer 

The paging hardware operates in the following fash- 
ion. The paging unit hardware receives a 32-bit lin- 
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en- 
tries in the TLB to determine if there is a match. If 
there is a match (i.e. a TLB hit), then the 32-bit phys- 
ical address is calculated and will be placed on the 
address bus. 

However, if the page table entry is not in the TLB, 
the 386 Microprocessor will read the appropriate 
Page Directory Entry. If P = 1 on the Page Directory 
Entry indicating that the page table is in memory, 
then the 386 Microprocessor will read the appro- 



priate Page Table Entry and set the Access bit. If 
P = 1 on the Page Table Entry indicating that the 
page is in memory, the 386 Microprocessor will up- 
date the Access and Dirty bits as needed and fetch 
the operand. The upper 20 bits of the linear address, 
read from the page table, will be stored in the TLB 
for future accesses. However, if P = for either the 
Page Directory Entry or the Page Table Entry, then 
the processor will generate a page fault, an Excep- 
tion 14. 

The processor will also generate an exception 14, 
page fault, if the memory reference violated the 
page protection attributes (i.e. U/S or R/W) (e.g. try- 
ing to write to a read-only page). CR2 will hold the 
linear address which caused the page fault. If a sec- 
ond page fault occurs, while the processor is at- 
tempting to enter the service routine for the first, 
then the processor will invoke the page fault (excep- 
tion 1 4) handler a second time, rather than the dou- 
ble fault (exception 8) handler. Since Exception 1 4 is 
classified as a fault, CS: EIP will point to the instruc- 
tion causing the page fault. The 16-bit error code 
pushed as part of the page fault handler will contain 
status bits which indicate the cause of the page 
fault. 

The 1 6-bit error code is used by the operating sys- 
tem to determine how to handle the page fault Fig- 
ure 4-23A shows the format of the page-fault error 
code and the interpretation of the bits. 

NOTE: 

Even though the bits in the error code (U/S, W/R, 
and P) have similar names as the bits in the Page 
Directory /Table Entries, the interpretation of the er- 
ror code bits is different. Figure 4-23B indicates 
what type of access caused the page fault. 
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Figure 4-23A. Page Fault Error Code Format 

U/S: The U/S bit indicates whether the access 
causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S = 0) 

W/R: The W/R bit indicates whether the access 
causing the fault was a Read (W/R = 0) or a Write 
(W/R = 1) 

P: The P bit indicates whether a page fault was 
caused by a not-present page (P = 0), or by a page 
level protection violation (P = 1) 

U: UNDEFINED 
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u/s 


W/R 


Access Type 





1 
1 




1 



1 


Supervisor* Read 
Supervisor Write 
User Read 
User Write 



♦Descriptor table access will fault with U/S = 0, even if the program 
is executing at level 3. 

Figure 4-23B. Type of Access 
Causing Page Fauit 



4.5.6 Operating System 
Responsibilities 

The 386 Microprocessor takes care of the page ad- 
dress translation process, relieving the burden from 
an operating system in a demand-paged system. 
The operating system is responsible for setting up 
the initial page tables, and handling any page faults. 
The operating system also is required to invalidate 
(i.e. flush) the TLB when any changes are made to 
any of the page table entries. The operating system 
must reload CR3 to cause the TLB to be flushed. 

Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper- 
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
system sets the P present bit of page table entry to 
zero, the TLB must be flushed. Operating systems 
may want to take advantage of the fact that CR3 is 
stored as part of a TSS, to give every task or group 
of tasks its own set of page tables. 



4.6 VIRTUAL 8086 ENVIRONMENT 



4.6.1 Executing 8086 Programs 

The 386 Microprocessor allows the execution of 
8086 application programs in both Real Mode and in 
the Virtual 8086 Mode (Virtual Mode). Of the two 
methods, Virtual 8086 Mode offers the system de- 
signer the most flexibility. The Virtual 8086 Mode al- 
lows the execution of 8086 applications, while still 
allowing the system designer to take full advantage 
of. the 386 Microprocessor protection mechanism. In 
particular, the 386 Microprocessor allows the simul- 
taneous execution of 8086 operating systems and 
its applications, and a 386 Microprocessor operating 
system and both 80286 and 386 Microprocessor 



applications. Thus, in a multi-user 386 Microproces- 
sor computer, one person could be running an MS- 
DOS spreadsheet, another person using MS-DOS, 
and a third person could be running multiple Unix 
utilities and applications. Each person in this scenar- 
io would believe that he had the computer complete- 
ly to himself. Figure 4-24 illustrates this concept. 



4.6.2 Virtual 8086 Mode Addressing 
Mechanism 

One of the major differences between 386 Micro- 
processor Real and Protected modes is how the 
segment selectors are interpreted^ When the proc- 
essor is executing in Virtual 8086 Mode the segment 
registers are used in an identical fashion to Real 
Mode. The contents of the segment register is shift- 
ed left 4 bits and added to the offset to form the 
segment base linear address. 

The 386 Microprocessor allows the operating sys- 
tem to specify which programs use the 8086 style 
address mechanism, and which programs use Pro- 
tected Mode addressing, on a per tasK basis. 
Through the use of paging, the one megabyte ad- 
dress space of the Virtual Mode task can be mapped 
to anywhere in the 4 gigabyte linear address space 
of the 386 Microprocessor. Like Real Mode, Virtual 
Mode effective addresses (i.e., segment offsets) that 
exceed 64K byte will cause an exception 1 3. Howev- 
er, these restrictions should not prove to be impor- 
tant, because most tasks running in Virtual 8086 
Mode will simply be existing 8086 application pro- 
grams. 



4.6.3 Paging In Virtual Mode 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec- 
tion and operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo- 
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 

The paging hardware allows the 20-bit linear ad- 
dress produced by a Virtual Mode program to be 
divided into up to 256 pages. Each one of the pages 
can be located anywhere within the maximum 4 giga- 
byte physical address space of the 386 Microproc- 
essor. In addition, since CR3 (the Page Directory 
Base Register) is loaded by a task switch, each Vir- 
tual Mode task can use a different mapping scheme 
to map pages to different physical locations. Finally, 
the paging hardware allows the sharing of the 8086 
operating system code between multiple 8086 ap- 
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Figure 4-24. Virtual 8086 Environment Memory Management 



plications. Figure 4-24 shows how the 386 Micro- 
processor paging hardware enables multiple 8086 
programs to run under a virtual memory demand 
paged system. 



4.6.4 Protection and I/O Permission 
Bitmap 

All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 
8086 Mode programs are subject to all of the protec- 
tion checks defined in Protected Mode. (This is dif- 
ferent from Real Mode which implicitly is executing 
at privilege level 0, the level of greatest privilege.) 
Thus, an attempt to execute a privileged instruction 
when in Virtual 8086 Mode will cause an exception 
13 fault. 

The following are privileged instructions, which may 
be executed only at Privilege Level 0. Therefore, at- 
tempting to execute these instructions in Virtual 
8086 Mode (or anytime CPL > 0) causes an excep- 
tion 13 fault: 



LMSW; 
CLTS ; 
HLT; 



MOV CRn,reg; MOV reg,CRn. 



Several instructions, particularly those applying to 
the multitasking model and protection model, are 
available only in Protected Mode. Therefore, at- 
tempting to execute the following instructions in 
Real Mode or in Virtual 8086 Mode generates an 
exception 6 fault: 



LTR; 


STR; 


LLDT; 


SLDT; 


LAR; 


VERR; 


LSL; 


VERW ; 


ARPL. 





The instructions which are lOPL-sensitive in Protect- 
ed Mode are: 



LIDT ; 
LGDT; 



MOV DRn,reg; 
MOV TRn,reg; 



MOV reg,DRn; 
MOV reg,TRn; 



IN; 


STI; 


OUT; 


CLI 


INS; 




OUTS; 




REP INS; 




REP OUTS; 
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In Virtual 8086 Mode, a slightly different set of in- 
structions are made lOPL-sensitive. The following in- 
structions are lOPL-sensitive in Virtual 8086 Mode: 



INT n; 


STI; 


PUSHF ; 


CLI; 


POPF; 


IRET 



The PUSHF, POPF, and IRET instructions are IOPL- 
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag (interrupt enable flag) to be virtual- 
Ized to the Virtual 8086 Mode program. The INT n 
software interrupt instruction is also lOPL-sensitive 
in Virtual 8086 Mode. Note, however, that the INT 3 
(opcode 0CCH), INTO, and BOUND instructions are 
not lOPL-sensitive in Virtual 8086 mode (they aren't 
IOPL sensitive in Protected Mode either). 

Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not lOPL-sensitive in 
Virtual 8086 mode. Rather, the I/O instructions be- 
come automatically sensitive to the I/O Permission 
Bitmap contained in the 386 Microprocessor Task 
State Segment. The I/O Permission Bitmap, auto- 
matically used by the 386 Microprocessor in Virtual 
8086 Mode, is illustrated by Figures 4.15a and 4- 
15b. 

The I/O Permission Bitmap can be viewed as a 0- 
64 Kbit bit string, which begins in memory at offset 
Bit_Map_JDffset in the current TSS. Bit_Map__ 
Offset must be ^ DFFFH so the entire bit map and 
the byte FFH which follows the bit map are all at 
offsets <£ FFFFH from the TSS base. The 16-bit 
pointer Bit___Map_Offset (1 5:0) is found in the word 
beginning at offset 66H (102 decimal) from the TSS 
base, as shown in Figure 4-1-5a. 

Each bit in the I/O Permission Bitmap corresponds 
to a single byte-wide I/O port, as illustrated in Figure 
4-1 5a. If a bit is 0, I/O to the corresponding byte- 
wide port can occur without generating an excep- 
tion. Otherwise the I/O instruction causes an excep- 
tion 13 fault. Since every byte-wide I/O port must be 
protectable, all bits corresponding to a word-wide or 
dword-wide port must be for the word-wide or 
dword-wide I/O to be permitted. If all the referenced 
bits are 0, the I/O will be allowed. If any referenced 
bits are 1 , the attempted I/O will cause an exception 
13 fault. 

Due to the use of a pointer to the base of the I/O 
Permission Bitmap, the bitmap may be located any- 
where within the TSS, or may be ignored completely 
by pointing the Bit_Map___Offset (15:0) beyond the 
limit of the TSS segment. In the same manner, only 
a small portion of the 64K I/O space need have an 
associated map bit, by adjusting the TSS limit to 
truncate the bitmap. This eliminates the commitment 
of 8K of memory when a complete bitmap is not 
required, while allowing the fully general case if 
desired. 



EXAMPLE OF BITMAP FOR I/O PORTS 0-255: 
Setting the TSS limit to {bit_Map_Offset + 31 
+ 1**) [** see note below] will allow a 32-byte bit- 
map for the I/O ports #0-255, plus a terminator 
byte of all 1's [** see note below]. This allows the 
I/O bitmap to control I/O Permission to I/O port 0- 
255 while causing an exception 13 fault on attempt- 
ed I/O to any I/O port 80256 through 65,565. 

""IMPORTANT IMPLEMENTATION NOTE: Beyond 
the last byte of I/O mapping information in the I/O 
Permission Bitmap must be a byte containing all 1 's. 
The byte of all 1 's must be within the limit of the 386 
Microprocessor TSS segment (see Figure 4-1 5a). 



4.6.5 Interrupt Handling 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are han- 
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi- 
lege change back to the host 386 Microprocessor 
operating system. The 386 Microprocessor operat- 
ing system determines if the interrupt comes from a 
Protected Mode application or from a Virtual Mode 
program by examining the VM bit in the EFLAGS 
image stored on the stack. 

When a Virtual Mode program is interrupted and ex- 
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The 386 Microprocessor operating system in turn 
handles the exception or interrupt and then returns 
control to the 8086 program. The 386 Microproces- 
sor operating system may choose to let the 8086 
operating system handle the interrupt or it may emu- 
late the function of the interrupt handler. For exam- 
ple, many 8086 operating system calls are accessed 
by PUSHing parameters on the stack, and then exe- 
cuting an INT n instruction. If the IOPL is set to 
then all INT n instructions will be intercepted by the 
386 Microprocessor operating system. The 386 Mi- 
croprocessor operating system could emulate the 
8086 operating system's call. Figure 4-25 shows 
how the 386 Microprocessor operating system could 
intercept an 8086 operating system's call to "Open 
a File", 

A 386 Microprocessor operating system can provide 
a Virtual 8086 Environment which is totally transpar- 
ent to the application software via intercepting and 
then emulating 8086 operating system's calls, and 
intercepting IN and OUT instructions. 
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4.6.6 Entering and Leaving Virtual 
8086 Mode 

Virtual 8086 mode is entered by executing an IRET 
instruction (at CPL=0), or Task Switch (at any CPL) 
to a 386 Microprocessor task whose 386 Microproc- 
essor TSS has a FLAGS image containing a 1 in the 
VM bit position while the processor is executing in 
Protected Mode. That is, one way to enter Virtual 
8086 mode is to switch to a task with a 386 Micro- 
processor TSS that has a 1 in the VM bit in the 
EFLAGS image. The other way is to execute a 32-bit 
IRET instruction at privilege level 0, where the stack 
has a 1 in the VM bit in the EFLAGS image. POPF 
does not affect the VM bit, even if the processor is in 
Protected Mode or level 0, and so cannot be used to 
enter Virtual 8086 Mode. PUSHF always pushes a 
in the VM bit, even if the processor is in Virtual 8086 
Mode, so that a program cannot tell if it is executing 
in REAL mode, or in Virtual 8086 mode. 

The VM bit can be set by executing an IRET instruc- 
tion only at privilege level 0, or by any instruction or 
Interrupt which causes a task switch in Protected 
Mode (with VM = 1 in the new FLAGS image), and 
can be cleared only by an interrupt or exception in 
Virtual 8086 Mode. IRET and POPF instructions exe- 
cuted in REAL mode or Virtual 8086 mode will not 
change the value in the VM bit. 

The transition out of virtual 8086 mode to 386 Micro- 
processor protected mode occurs only on receipt of 
an interrupt or exception (such as due to a sensitive 
instruction). In Virtual 8086 mode, all interrupts and 
exceptions vector through the protected mode IDT, 
and enter an interrupt handler in protected 386 Mi- 
croprocessor mode. That is, as part of interrupt pro- 
cessing, the VM bit is cleared. 

Because the matching IRET must occur from level 0, 
if an Interrupt or Trap Gate is used to field an inter- 
rupt or exception out of Virtual 8086 mode, the Gate 
must perform an inter-level interrupt only to level 0. 
Interrupt or Trap Gates through conforming seg- 
ments, or through segments with DPL>0, will raise a 
GP fault with the CS selector as the error code. 



4.6.6.1 TASK SWITCHES TO/FROM VIRTUAL 
8086 MODE 

Tasks which can execute in virtual 8086 mode must 
be described by a TSS with the new 386 Microproc- 
essor format (TYPE 9 or 1 1 descriptor). 

A task switch out of virtual 8086 mode will operate 
exactly the same as any other task switch out of a 
task with a 386 Microprocessor TSS. All of the pro- 
grammer visible state, including the FLAGS register 
with the VM bit set to 1, is stored in the TSS. 



The segment registers in the TSS will contain 8086 
segment base values rather than selectors. 

A task switch into a task described by a 386 Micro- 
processor TSS will have an additional check to de- 
termine if the incoming task should be resumed in 
virtual 8086 mode. Tasks described by 80286 format 
TSSs cannot be resumed in virtual 8086 mode, so 
no check is required there (the FLAGS image in 
80286 format TSS has only the low order 16 FLAGS 
bits). Before loading the segment register images 
from a 386 Microprocessor TSS, the FLAGS image 
is loaded, so that the segment registers are loaded 
from the TSS image as 8086 segment base values. 
The task is now ready to resume in virtual 8086 exe- 
cution mode. 

4.6.6.2 TRANSITIONS THROUGH TRAP AND 
INTERRUPT GATES, AND IRET 

A task switch is one way to enter or exit virtual 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use a 386 Microprocessor 
Trap Gate (Type 14), or 386 Microprocessor Inter- 
rupt Gate (Type 15), which must point to a non-con- 
forming level segment (DPL=0) in order to permit 
the trap handler to IRET back to the Virtual 8086 
program. The Gate must point to a non-conforming 
level segment to perform a level switch to level 
so that the matching IRET can change the VM bit. 
386 Microprocessor gates must be used, since 
80286 gates save only the low 16 bits of the FLAGS 
register, so that the VM bit will not be saved on tran- 
sitions through the 80286 gates. Also, the 16-bit 
IRET (presumably) used to terminate the 80286 in- 
terrupt handler will pop only the lower 16 bits from 
FLAGS, and will not affect the VM bit. The action 
taken for a 386 Microprocessor Trap or Interrupt 
gate if an interrupt occurs while the task is executing 
in virtual 8086 mode is given by the following se- 
quence. 

(1) Save the FLAGS register in a temp to push later. 
Turn off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt Gate, turn off IF also. 

(2) Interrupt and Trap gates must perform a level 
switch from 3 (where the VM86 program exe- 
cutes) to level (so IRET can return). This pro- 
cess involves a stack switch to the stack given in 
the TSS for privilege level 0. Save the Virtual 
8086 Mode SS and ESP registers to push in a 
later step. The segment register load of SS will 
be done as a Protected Mode segment load, 
since the VM bit was turned off above. 

(3) Push the 8086 segment register values onto the 
new stack, in the order: GS, FS, DS, ES. These 
are pushed as 32-bit quantities, with undefined 
values in the upper 16 bits. Then load these 4 
registers with null selectors (0). 
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Figure 4-25. Virtual 8086 Environment Interrupt and Call Handling 



(4) Push the old 8086 stack pointer onto the new 
stack by pushing the SS register (as 32-bits, high 
bits undefined), then pushing the 32-bit ESP reg- 
ister saved above. 

(5) Push the 32-bit FLAGS register saved in step 1. 

(6) Push the old 8086 instruction pointer onto the 
new stack by pushing the CS register (as 32-bits, 
high bits undefined), then pushing the 32-bit EIP 
register. 

(7) Load up the new CS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine 
in protected 386 Microprocessor mode. 

The transition out of virtual 8086 mode performs a 
level change and stack switch, in addition to chang- 
ing back to protected mode. In addition, all of the 
8086 segment register images are stored on the 
stack (behind the SS:ESP image), and then loaded 
with null (0) selectors before entering the interrupt 
handler. This will permit the handler to safely save 
and restore the DS, ES, FS, and GS registers as 
80286 selectors. This is needed so that interrupt 
handlers which don't care about the mode of the 
interrupted program can use the same prolog and 
epilog code for state saving (i.e. push all registers in 
prolog, pop all in epilog) regardless of whether or not 
a "native" mode or Virtual 8086 mode program was 
interrupted. Restoring null selectors to these regis- 
ters before executing the I RET will not cause a trap 
in the interrupt handler. Interrupt routines which ex- 
pect values in the segment registers, or return val- 
ues in segment registers will have to obtain/return 
values from the 8086 register images pushed onto 



the new stack. They will need to know the mode of 
the interrupted program in order to know where to 
find/return segment registers, and also to know how 
to interpret segment register values. 

The IRET instruction will perform the inverse of the 
above sequence. Only the extended 386 Microproc- 
essors IRET instruction (operand size = 32) can be 
used, and must be executed at level to change the 
VM bit to 1. 

(1) If the NT bit in the FLAGs register is on, an inter- 
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the 
interrupted task which is to be resumed. 

Otherwise, continue with the following sequence. 

(2) Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value ac- 
tive in the interrupted routine. 

(3) Pop off the instruction pointer CS-.EIP. EIP is 
popped first, then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM = 0, this CS load is done as a protected 
mode segment load. If VM = 1, this will be done 
as an 8086 segment load. 

(4) Increment the ESP register by 4 to bypass the 
FLAGS image which was "popped" in step 1. 

(5) If VM = 1, load segment registers ES, QS, FS, 
and GS from memory locations SS:[ESP+8], 
SS:[ESP+ 12], SS:[ESP+ 16), and 
SS:[ESP + 20], respectively, where the new val- 
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ue of ESP stored in step 4 is used. Since VM = 1 , 
these are done as 8086 segment register loads. 

, Else if VM = 0, check that the selectors in ES, 
DS, FS, and GS are valid in the interrupted rou- 
tine. Null out invalid selectors to trap if an at- 
tempt is made to access through them. 

(6) If (RPL(CS) > CPL), pop the stack pointer 
SS.ESP from the stack. The ESP register is 
popped first, followed by 32-bits containing SS in 
the lower 16 bits. If VM = 0, SS is loaded as a 
protected mode segment register load. If VM = 1 , 
an 8086 segment register load is used. 

(7) Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter- 
mines whether the processor resumes the inter- 
rupted routine in Protected mode of Virtual 8086 
mode. 

5. FUNCTIONAL DATA 

5.1 INTRODUCTION 

The 386 Microprocessor features a straightforward 
functional interface to the external hardware. The 
386 Microprocessor has separate, parallel buses for 
data and address. The data bus is 32-bits in width, 
and bidirectional. The address bus outputs 32-bit ad- 
dress values in the most directly usable form for the 
high-speed local bus: 4 individual byte enable sig- 
nals, and the 30 upper-order bits as a binary value. 
The data and address buses are interpreted and 
controlled with their associated control signals. 

A dynamic data bus sizing feature allows the proc- 
essor to handle a mix of 32- and 1 6-bit external bus- 
es on a cycle-by-cycle basis (see 5.3.4 Data Bus 
Sizing). If 16-bit bus size is selected, the 386 Micro- 
processor automatically makes any adjustment 
needed, even performing another 1 6-bit bus cycle to 
complete the transfer if that is necessary. 8-bit pe- 
ripheral devices may be connected to 32-bit or 16-bit 
buses with no loss of performance. A new address 
pipelining option is provided and applies to 32-bit 
and 16-bit buses for substantially improved memory 
utilization, especially for the most heavily used mem- 
ory resources. 

The address pipelining option, when selected, typ- 
ically allows a given memory interface to operate 
with one less wait state than would otherwise be 
required (see 5.4.2 Address Pipelining). The pipe- 
lined bus is also well suited to interleaved memory 
designs. For 16 MHz interleaved memory designs 
with 100 ns access time DRAMs, zero wait states 
can be achieved when pipelined addressing is se- 
lected. When address pipelining is requested by the 
external hardware, the 386 Microprocessor will 



output the address and bus cycle definition of the 
next bus cycle (if it is internally available) even while 
waiting for the current cycle to be acknowledged. 

Non-pipelined address timing, however, is ideal for 
external cache designs, since the cache memory will 
typically be fast enough to allow non-pipelined cy- 
cles. For maximum design flexibility, the address 
pipelining option is selectable on a cycle-by-cycle 
basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 386 Microproc- 
essor bus cycles perform data transfer in a minimum 
of only two clock periods. On a 32-bit data bus, the 
maximum 386 Microprocessor transfer bandwidth at 
16 MHz is therefore 32 Mbytes/sec, at 20 MHz 
bandwidth is 40 MBytes/sec and at 25 MHz 
bandwidth is 50 Mbytes/sec. Any bus cycje will be 
extended for more than two clock periods, however, 
if external hardware withholds acknowledgement of 
the cycle. At the appropriate time, acknowledge- 
ment is signalled by asserting the 386 Microproces- 
sor READY # input. 

The 386 Microprocessor can relinquish control of its 
local buses to allow mastership by other devices, 
such as direct memory access channels. When re- 
linquished, HLDA is the only output pin driven by the 
386 Microprocessor, providing near-complete isola- 
tion of the processor from its system. The near-com- 
plete isolation characteristic is ideal when driving the 
system from test equipment, and in fault-tolerant ap- 
plications. 

Functional data covered in this chapter describes 
the processor's hardware interface. First, the set of 
signals available at the processor pins is described 
(see 5.2 Signal Description). Following that are the 
signal waveforms occurring during bus cycles (see 
5.3 Bus Transfer Mechanism, 5.4 Bus Functional 
Description and 5.5 Other Functional Descrip- 
tions). 

5.2 SIGNAL DESCRIPTION 

5.2.1 Introduction 

Ahead is a brief description of the 386 Microproces- 
sor input and output signals arranged by functional 
groups. Note the # symbol at the end of a signal 
name indicates the active, or asserted, state occurs 
when the signal is at a low voltage. When no # is 
present after the signal name, the signal is asserted 
when at the high voltage level. 

Example signal: M/IO# — High voltage indicates 
Memory selected 



— Low voltage 
I/O selected 



indicates 
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Figure 5-2. CLK2 Signal and Internal Processor Clock 



The signal descriptions sometimes refer to AC tim- 
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame- 
ters can be found in Tables 7-4 and 7-5. 



5.2.2 Clock (CLK2) 

CLK2 provides the fundamental timing for the 386 
Microprocessor. It is divided by two internally to gen- 
erate the internal processor clock used for instruc- 
tion execution. The internal clock is comprised of 
two phases, "phase one" and "phase two." Each 
CLK2 period is a phase of the internal clock. Figure 
5-2 illustrates the relationship. If desired, the phase 
of the internal processor clock can be synchronized 
to a known phase by ensuring the RESET signal fall- 
ing edge meets its applicable setup and hold times, 
t25 and t26> 



5.2.3 Data Bus (DO through D3 1 ) 

These three-state bidirectional signals provide the 
general purpose data path between the 386 Mi- 



croprocessor and other devices. Data bus inputs 
and outputs indicate "1" when HIGH. The data bus 
can transfer data on 32- and 16-bit buses using a 
data bus sizing feature controlled by the BS1 6 # in- 
put. See section 5.2.6 Bus Contol. Data bus reads 
require that read data setup and hold times t2i and 
t22 be met for correct operation. During any write 
operation (and during halt cycles and shutdown cy- 
cles), the 386 Microprocessor always drives all 32 
signals of the data bus even if the current bus size is 
16-bits. 



5.2.4 Address Bus (BE0# through 
BE3#,A2 through A31) 

These three-state outputs provide physical memory 
addresses or I/O port addresses. The address bus 
is capable of addressing 4 gigabytes of physical 
memory space (00G00000H through FFFFFFFFH), 
and 64 kilobytes of I/O address space (00000000H 
through OOOOFFFFH) for programmed I/O. I/O 
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transfers automatically generated for 386 Microproc- 
essor-to-coprocessor communication use I/O ad- 
dresses 800000F8H through 800000FFH, so A31 
HIGH in conjunction with M/IO# LOW allows simple 
generation of the coprocessor select signal. 

The Byte Enable outputs, BE0#-BE3#, directly in- 
dicate which bytes of the 32-bit data bus are in- 
volved with the current transfer. This is most conve- 
nient for external hardware. 

BE0# applies to D0-D7 
BE1 # applies to D8-D15 
BE2# applies to D16-D23 
BE3# applies to D24-D31 

The number of Byte Enables asserted indicates the 
physical size of the operand being transferred (1 , 2, 
3, or 4 bytes). Refer to section 5.3.6 Operand Align- 
ment. 

When a memory write cycle or I/O write cycle is in 
progress, and the operand being transferred occu- 
pies only the upper 16 bits of the data bus (D16- 
D31), duplicate data is simultaneously presented on 
the corresponding lower 16-bits of the data bus 
(D0-rD15). This duplication is performed for optimum 
write performance on 16-bit buses. The pattern of 
write data duplication is a function of the Byte En- 
ables asserted during the write cycle. Table 5-1 lists 
the write data present on D0-D31, as a function of 
the asserted Byte Enable outputs BE0#-BE3#. 



5.2.5 Bus Cycle Definition Signals 

(W/R#, D/C#, M/IO#, LOCK#) 

These three-state outputs define the type of bus cy- 
cle being performed. W/R# distinguishes between 
write and read cycles. D/C# distinguishes between 
data and control cycles. M/IO# distinguishes be- 
tween memory and I/O cycles. LOCK# distin- 
guishes between locked and unlocked bus cycles. 

The primary bus cycle definition signals are W/R#, 
D/C# and M/IO#, since these are the signals driv- 
en valid as the ADS# (Address Status output) is 
driven asserted. The LOCK# is driven valid at the 
same time as the first locked bus cycle begins, 
which due to address pipelining, could be later than 
ADS# is driven asserted. See 5.4.3.4 Pipelined Ad- 
dress. The LOCK# is negated when the READY # 
input terminates the last bus cycle which was 
locked. 

Exact bus cycle definitions, as a function of W/R#, 
D/C#, and MI/IO#, are given in Table 5-2. Note 
one combination of W/R#, D/C# and M/IO# is 
never given when ADS# is asserted (however, that 
combination, which is listed as "does not occur," will 
occur during idle bus states when ADS# is not as- 
serted). If M/IO#, D/C#, and W/R# are qualified 
by ADS# asserted, then a decoding scheme may 
use the non-occurring combination to its best advan- 





Table 5-1. Write Data Duplication as a Function of BE0# - 


-BE3# 




386TM CPU Byte Enables 


386TM CPU Write Data 


Automatic 
Duplication? 


BE3# 


BE2# BE1# BEO# 


D24-D31 


D16-D23 


D8-D15 


D0-D7 


High 
High 
High 
Low 


High High Low 
High Low High 
Low High High 
High High High 


undef 

undef 

undef 
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undef 
undef 

C 
undef 
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B 
undef 
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A 
undef 
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undef 
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No 
Yes 
Yes 
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High 
Low 


High Low Low 
Low Low High 
Low High High 


undef 

undef 
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undef 
C 
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A 

undef 
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No 
No 
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Low 


Low Low Low 
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B 
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A 
undef 


No 
No 
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No 


Key: 


D = logical write data d24-d31 
C = logical write data d1 6-d23 
B - logical write data d8-d1 5 
A = logical write data d0-d7 











4-57 



WeT 



386TM MICROPROCESSOR 







Table 5-2. Bus Cycle Definition 




M/IO# 


D/C# 


W/R# 


Bus Cycle Type 


Locked? 


Low 


Low 


Low 


INTERRUPT ACKNOWLEDGE 


Yes 


Low 


Low 


High 


does not occur 


— 


Low 


High 


Low 


I/O DATA READ 


No 


Low 


High 


High 


I/O DATA WRITE 


No 


High 


Low 


Low 


MEMORY CODE READ 


No 


High 


Low 


High 


HALT: SHUTDOWN: 
Address = 2 Address = 

(BE0# High (BE0# Low 
BE1# High BE1# High 
BE2# Low BE2# High 
BE3# High BE3# High 
A2-A31 Low) A2-A31 Low) 


No 


High 


High 


Low 


MEMORY DATA READ 


Some Cycles 


High 


High 


High 


MEMORY DATA WRITE 


Some Cycles 



5.2.6 Bus Control Signals 

5.2.6.1 INTRODUCTION 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining, data bus 
width and bus cycle termination. 



5.2.6.2 ADDRESS STATUS (ADS#) 

This three-state output indicates that a valid bus cy- 
cle definition, and address (W/R#, D/C#, M/IO#, 
BE0#-BE3#, and A2-A31) is being driven at the 
386 Microprocessor pins. It is asserted during T1 
and T2P bus states (see 5.4.3.2 Non-pipelined Ad- 
dress and 5.4.3.4 Pipelined Address for additional 
information on bus states). 



5.2.6.3 TRANSFER ACKNOWLEDGE (READY#) 

This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by BE0#- 
BE3# and BS16# are accepted or provided. When 
READY # is sampled asserted during a read cycle or 
interrupt acknowledge cycle, the 386 Microproces- 
sor latches the input data and terminates the cycle. 
When READY # is sampled asserted during a write 
cycle, the processor terminates the bus cycle. 

READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY # must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica- 
tion and Shutdown Indication bus cycles. When be- 
ing sampled, READY must always meet setup and 



hold times t|g and X20 for correct operation. See all 
sections of 5.4 Bus Functional Description. 

5.2.6.4 NEXT ADDRESS REQUEST (NA#) 

This is used to request address pipelining. This input 
indicates the system is prepared to accept new val- 
ues of BE0#-BE3#, A2-A31, W/R#, D/C# and 
M/IO# from the 386 Microprocessor even if the end 
of the current cycle is not being acknowledged on 
READY#. If this input is asserted when sampled, 
the next address is driven onto the bus, provided the 
next bus request is already pending internally. See 
5.4.2 Address Pipelining and 5.4.3 Read and 
Write Cycles. 

5.2.6.5 BUS SIZE 16 (BS16#) 

The BS16# feature allows the 386 Microprocessor 
to directly connect to 32-bit and 16-bit data buses. 
Asserting this input constrains the current bus cycle 
to use only the lower-order half (D0-D15) of the 
data bus, corresponding to BE0# and BE1#. As- 
serting BS16# has no additional effect if only BE0# 
and/or BE1# are asserted in the current cycle. 
However, during, bus cycles asserting BE2# or 
BE3#, asserting BS16# will automatically cause the 
386 Microprocessor to make adjustments for correct 
transfer of the upper bytes(s) using only physical 
data signals DO- D1 5. 

If the operand spans both halves of the data bus 
and BS16# is asserted, the 386 Microprocessor will 
automatically perform another 16-bit bus cycle. 
BS16# must always meet setup and hold times \-\? 
and t-js for correct operation. 
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386 Microprocessor I/O cycles are automatically 
generated for coprocessor communication. Since 
the 386 Microprocessor must transfer 32-bit quanti- 
ties between itself and the 80387, BS16# must not 
be asserted during 80387 communication cycles. 



5.2.7 Bus Arbitration Signals 

5.2.7.1 INTRODUCTION 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
5.5.1 Entering and Exiting Hold Acknowledge for 
additional information. 



the near-complete isolation has particular attractive- 
ness during system test when test equipment drives 
the system, and in hardware-fault-tolerant applica- 
tions. 



5.2.8 Coprocessor Interface Signals 

5.2.8.1 INTRODUCTION 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 386 Microprocessor 
and its 80387 processor extension. 



5.2.7.2 BUS HOLD REQUEST (HOLD) 

This input indicates some device other than the 386 
Microprocessor requires bus mastership. 

HOLD must remain asserted as long as any other 
device is a local bus master. HOLD is not recognized 
while RESET is asserted. If RESET is asserted while 
HOLD is asserted, RESET has priority and places 
the bus into an idle state, rather than the hold ac- 
knowledge (high impedance) state. 

HOLD is level-sensitive and is a synchronous input. 
HOLD signals must always meet setup and hold 
times t23 and t24 for correct operation. 



5.2.7.3 BUS HOLD ACKNOWLEDGE (HLDA) 

Assertion of this output indicates the 386 Microproc- 
essor has relinquished control of its local bus in re- 
sponse to HOLD asserted, and is in the bus Hold 
Acknowledge state. 

The Hold Acknowledge state offers near-complete 
signal isolation. In the Hold Acknowledge state, 
HLDA is the only signal being driven by the 386 Mi- 
croprocessor. The other output signals or bidirec- 
tional signals (D0-D31, BE0#-BE3#, A2-A31, 
W/R#, D/C#, M/IO#, LOCK# and ADS#) are in a 
high-impedance state so the requesting bus master 
may control them. Pullup resistors may be desired 
on several signals to avoid spurious activity when no 
bus master is driving them. See 7.2.3 Resistor Rec- 
ommendations. Also, one rising edge dccuring on 
the NMI input during Hold Acknowledge is remem- 
bered, for processing after the HOLD input is negat- 
ed. 

In addition to the normal usage of Hold Acknowl- 
edge with DMA controllers or master peripherals, 



5.2.8.2 COPROCESSOR REQUEST (PEREQ) 

When asserted, this input signal indicates a coproc- 
essor request for a data operand to be transferred 
to/from memory by the 386 Microprocessor. In re- 
sponse, the 386 Microprocessor transfers informa- 
tion between the coprocessor and memory. Be- 
cause the 386 Microprocessor has internally stored 
the coprocessor opcode being executed, it performs 
the requested data transfer with the correct direction 
and memory address. 

PEREQ is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. 



5.2.8.3 COPROCESSOR BUSY (BUSY#) 

When asserted, this input indicates the coprocessor 
is still executing an instruction, and is not yet able to 
accept another. When the 386 Microprocessor en- 
counters any coprocessor instruction which oper- 
ates on the numeric stack (e.g. load, pop, or arith- 
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is seen to be 
negated. This sampling of the BUSY# input pre- 
vents overrunning the execution of a previous co- 
processor instruction. 

The FNINIT and FNCLEX coprocessor instructions 
are allowed to execute even if BUSY# is asserted, 
since these instructions are used for coprocessor 
initialization and exception-clearing. 

BUSY# is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. 

BUSY# serves an additional function, if BUSY# is 
sampled LOW at the falling edge of RESET, the 386 
Microprocessor performs an internal self-test (see 
5.5.3 Bus Activity During and Following Reset). If 
BUSY # is sampled HIGH, no self-test is performed. 
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5.2.8.4 COPROCESSOR ERROR (ERROR #) 

This input signal indicates that the previous coproc- 
essor instruction generated a coprocessor error of a 
type not masked by the coprocessor's control regis- 
ter. This input is automatically sampled by the 386 
Microprocessor when a coprocessor instruction is 
encountered, and if asserted, the 386 Microproces- 
sor generates exception 16 to access the error-han- 
dling software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 386 Microprocessor generating exception 16 
even if ERROR # is asserted. These instructions are 
FNINIT, FNCLEX, FSTSW, FSTSWAX, FSTCW, 
FSTENV, FSAVE, FESTENV and FESAVE. 

ERROR # is level-sensitive and is allowed to be 
asynchronous to the CLK2 signal. 

ERROR # serves an additional function. If ERROR # 
is LOW no later than 20 CLK2 periods after the fall- 
ing edge of RESET and remains LOW at least until 
the 386 Microprocessor begins its first bus cycle, an 
80387 is assumed to be present (ET bit in CRO auto- 
matically gets set to 1). Otherwise, an 80287 (or no 
coprocessor) is assumed to be present (ET bit in 
CRO automatically is reset to 0). See 5.5.3 Bus Ac- 
tivity During and After Reset. Only the ET bit is set 
by this ERROR # pin test. Software must set the EM 
and MP bits in CRO as needed. Therefore, distin- 
guishing 80287 presence from no coprocessor re- 
quires a software test and appropriately resetting or 
setting the EM bit of CRO (set EM = 1 when no 
coprocessor is present). If ERROR # is sampled 
LOW after reset (indicating 80387) but software later 
sets EM =* 1, the 386 Microprocessor will behave as 
if no coprocessor is present. 



5.2.9 Interrupt Signals 

5.2.9.1 INTRODUCTION 

The following descriptions cover inputs that can in- 
terrupt or suspend execution of the processor's cur- 
rent instruction stream. 

5.2.9.2 MASKABLE INTERRUPT REOUEST (INTR) 

When asserted, this input indicates a request for in- 
terrupt service, which can be masked by the 386 
Microprocessor Flag Register IF bit. When the 386 
Microprocessor responds to the INTR input, it per- 
forms two interrupt acknowledge bus cycles, and at 
the end of the second, latches an 8-bit interrupt vec- 
tor on DO- D7 to identify the source of the interrupt. 

INTR is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. To assure recognition 



of an INTR request, INTR should remain asserted 
until the first interrupt acknowledge bus cycle be- 
gins. 

5.2.9.3 NON-MASKABLE INTERRUPT REQUEST 
(NMI) 

This input indicates a request for interrupt service, 
which cannot be masked by software. The non- 
maskable interrupt request is always processed ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are perfomed when 
processing NMI. 

NMI is rising edge-sensitive and is allowed to be 
asynchronous to the CLK2 signal. To assure recog- 
nition of NMI, it must be negated for at least eight 
CLK2 periods, and then be asserted for at least 
eight CLK2 periods. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in- 
struction, which is typically the end of the NMI serv- 
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem- 
bered for processing after executing the next IRET 
instruction. 

5.2.9.4 RESET (RESET) 

This input signal suspends any operation in progress 
and places the 386 Microprocessor in a known reset 
state. The 386 Microprocessor is reset by asserting 
RESET for 15 or more CLK2 periods (80 or more 
CLK2 periods before requesting self test). When RE- 
SET is asserted, all other input pins are ignored, and 
all other bus pins are driven to an idle bus state as 
shown in Table 5-3. If RESET and HOLD are both 
asserted at a point in time, RESET takes priority 
even if the 386 Microprocessor was in a Hold Ac- 
knowledge state prior to RESET asserted. 

RESET is level-sensitive and must be synchronous 
to the CLK2 signal. If desired, the phase of the inter- 
nal processor clock, and the entire 386 Microproc- 
essor state can be completely synchronized to ex- 
ternal circuitry by ensuring the RESET signal falling 
edge meets its applicable setup and hold times, tgs 
and t26> 

Table 5-3. Pin State (Bus Idle) During Reset 



Pin Name 


Signal Level During Reset 


ADS# 


High 


D0-D31 


High Impedance 


BE0#-BE3# 


Low 


A2-A31 


High 


W/R# 


Low 


D/C# 


High 


M/IO# 


Low 


LOCK# 


High 


HLDA 


Low 
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5.2.10 Signal Summary 

Table 5-4 summarizes the characteristics of ail 386 Microprocessor signals. 

Table 5-4. 386tm Microprocessor Signal Summary 



Signal Name 


Signal Function 


Active 
State 


Input/ 
Output 


Input 
Synch or 
Asynch 
to CLK2 


Output 

High Impedance 

During HLDA? 


CLK2 


Clock 


— 


I 


— 


— 


D0-D31 


Data Bus 


High 


I/O 


S 


Yes 


BE0#-BE3# 


Byte Enables 


Low 





— 


Yes 


A2-A31 


Address Bus 


High 





— 


Yes 


W/R# 


Write-Read Indication 


High 





— 


Yes 


D/C# 


Data-Control Indication 


High 





— 


Yes 


M/IO# 


Memory-I/O Indication 


High 





— 


Yes 


LOCK# 


Bus Lock Indication 


Low 





— 


Yes 


ADS# 


Address Status 


Low 





— 


Yes 


NA# 


Next Address Request 


Low 


I 


s 


— 


BS16# 


Bus Size 16 


Low 


I 


s 


— 


READY# 


Transfer Acknowledge 


Low 


I 


s 


_ 


HOLD 


Bus Hold Request 


High 


I 


s 


— 


HLDA 


Bus Hold Acknowledge 


High 





— 


No 


PEREQ 


Coprocessor Request 


High 


I 


A 


— 


BUSY# 


Coprocessor Busy 


Low 


I 


A 


— 


ERROR # 


Coprocessor Error 


Low 


I 


A 


— 


INTR 


Maskable Interrupt Request 


High 


I 


A 


— 


NMI 


Non-Maskable Intrpt Request 


High 


I 


A 


— 


RESET 


Reset 


High 


I 


S 


— 



5.3 BUS TRANSFER MECHANISM 



5.3.1 Introduction 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte, word and 
double-word lengths may be transferred without re- 
strictions on physical address alignment. Any byte 
boundary may be used, although two or even three 
physical bus cycles are performed as required for 
unaligned operand transfers. See 5.3.4 Dynamic 
Data Bus Sizing and 5.3.6 Operand Alignment. 



The 386 Microprocessor address signals are de- 
signed to simplify external system hardware. Higher- 
order address bits are provided by A2-A31 . Lower- 
order address in the form of BE0#-BE3# directly 
provides linear selects for the four bytes of the 32-bit 
data bus. Physical operand size information is there- 
by implicitly provided each bus cycle in the most us- 
able form. 

Byte Enable outputs BE0#-BE3# are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 5-5. 
During a bus cycle, any possible pattern of contigu- 
ous, asserted Byte Enable outputs can occur, but 
never patterns having a negated Byte Enable sepa- 
rating two or three asserted Enables. 
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Address bits AO and A1 of the physical operand's 
base address can be created when necessary (for 
instance, for MULTIBUS® I or MULTIBUS® II inter- 
face), as a function of the lowest-order asserted 
Byte Enable. This is shown by Table 5-6. Logic to 
generate AO and A1 is given by Figure 5-3. 

Table 5-5. Byte Enables and Associated 
Data and Operand Bytes 



Byte Enable Signal 


Associated Data Bus Signals 


BE0# 


D0-D7 (byteO — least significant) 


BE1# 


D8-D15 (bytel) 


BE2# 


D16-D23 (byte 2) 


BE3# 


D24-D31 (byte 3— most significant) 



Table 5-6. Generating A0-A3T from 
BE0#-BE3#andA2-A31 



A31 


386TM CPU Address Signals 
... A2 BE3# BE2# 


BE1# 


BEO# 


A31 


Physical Base 
Address 












A2 


A1 


AO 


A31 




A2 








X 


X 


X 


Low 


A31 




A2 





1 


X 


X 


Low 


High 




A31 




A2 


1 





X 


Low 


High 


High 


A31 




A2 


1 


1 


Low 


High 


High 


High 



BE0# 





L 


, 


H 




L 


L 


X 


f$ 


L 


L 


L. 


X 


N 


L 


H 


H 


L 


L 


*': 


L 


X 


X 


y 


X 


L 




L 


b 




L 





BE2# 



BE1# 
K - Map for A1 Signa! 



BEO# 



BEO# 
H BE3 # BE1# 





L 


H 




L 


L 


X 


L 


$\ 


L 


L 


X 


L 


H 


H 


H 


L 


L 


f* 


*} 


X 


X 


&i 


£J 


K 




L 


h 


i 


L 



BE0# 



BE2# 



BE1# 
K - Map for AO Signal 



BE3# 




i^^O ^ 



Figure 5-3. Logic to Generate AO, A1 from BE0#-BE3# 



Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See 5.4 Bus Functional 
Description. 

Since a bus cycle requires a minimum of two bus 
states (equal to two processor clock periods), data 
can be transferred between external devices and 
the 386 Microprocessor at a maximum rate of one 
4-byte Dword every two processor clock periods, for 
a maximum bus bandwidth of 50 megabytes/second 
(386 Microprocessor operating at 25 MHz processor 
clock rate). 



5.3.2 Memory and I/O Spaces 

Bus cycles may access physical memory space or 
I/O space. Peripheral devices in the system may ei- 
ther be memory-mapped, or l/O-mapped, or both. 
As shown in Figure 5-4, physical memory addresses 
range from 00000000H to FFFFFFFFH (4 gigabytes) 
and I/O addresses from 00000000H to 0000FFFFH 
(64 kilobytes) for programmed I/O. Note the I/O ad- 
dresses used by the automatic I/O cycles for co- 
processor communication are 800000F8H to 
800000FFH, beyond the address range of pro- 
grammed I/O, to allow easy generation of a coproc- 
essor chip select signal using the A31 and M/IO# 
signals. 
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Figure 5-4. Physical Memory and I/O Spaces 



5.3.3 Memory and I/O Organization 

The 386 Microprocessor datapath to memory and 
I/O spaces can be 32 bits wide or 16 bits wide. 
When 32-bits wide, memory and I/O spaces are or- 
ganized naturally as arrays of physical 32-bit 
Dwords. Each memory or I/O Dword has four indi- 
vidually addressable bytes at consecutive byte ad- 
dresses. The lowest-addressed byte is associated 
with data signals D0-D7; the highest-addressed 
byte with D24-D31. 

The 386 Microprocessor includes a bus control in- 
put, BS16#, that also allows direct connection to 
16-bit memory or I/O spaces organized as a se- 
quence of 1 6-bit words. Cycles to 32-bit and 1 6-bit 
memory or I/O devices may occur in any sequence, 
since the BS16# control is sampled during each bus 
cycle. See 5.3.4 Dynamic Data Bus Sizing. The 
Byte Enable signals, BE0#-BE3#, allow byte gran- 
ularity when addressing any memory or I/O struc- 
ture, whether 32 or 1 6 bits wide. 



5.3.4 Dynamic Data Bus Sizing 

Dynamic data bus sizing is a feature allowing direct 
processor connection to 32-bit or 1 6-bit data buses 
for memory or I/O. A single processor may connect 
to both size buses. Transfers to or from 32- or 16-bit 
ports are supported by dynamically determining the 
bus width during each bus cycle. During each bus 
cycle an address decoding circuit or the slave de- 



vice itself may assert BS16# for 16-bit ports, or ne- 
gate BS16# for 32-bit ports. 

With BS16# asserted, the processor automatically 
converts operand transfers larger than 16 bits, or 
misaligned 16-bit transfers, into two or three trans- 
fers as required. All operand transfers physically oc- 
cur on D0-D15 when BS16# is asserted. There- 
fore, 16-bit memories or I/O devices only connect 
on data signals D0-D15. No extra transceivers are 
required. 

Asserting BS16# only affects the processor when 
BE2# and/or BE3# are asserted during the current 
cycle. If only D0-D15 are involved with the transfer, 
asserting BS16# has no affect since the transfer 
can proceed normally over a 16-bit bus whether 
BS16# is asserted or not. In other words, asserting 
BS1 6# has no effect when only the lower half of the 
bus is involved with the current cycle. 

There are two types of situations where the proces- 
sor is affected by asserting BS16#, depending on 
which Byte Enables are asserted during the current 
bus cycle: 

Upper Half Only: 
Only BE2# and/or BE3# asserted. 

Upper and Lower Half: 
At least BE1#, BE2# asserted (and perhaps 
also BE0# and/or BE3#). 
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Effect of asserting BS16# during "upper half only" 

read cycles: 
Asserting BS16# during "upper half only" reads 
causes the 386 Microprocessor to read data on 
the lower 16 bits of the data bus and ignore data 
on the upper 16 bits of the data bus. Data that 
would have been read from D16-D31 (as indicat- 
ed by BE2# and BE3#) will instead be read from 
D0-D1 5 respectively. 

Effect of asserting BS16# during "upper half only" 

write cycles: 
Asserting BS16# during "upper half only" writes 
does not affect the 386 Microprocessor. When 
only BE2# and/or BE3# are asserted during a 
write cycle the 386 Microprocessor always dupli- 
cates data signals D16-D31 onto D0-D15 (see 
Table 5-1 ). Therefore, no further 386 Microproces- 
sor action is required to perform these writes on 
32-bit or 16-bit buses. 

Effect of asserting BS16# during "upper and lower 

half" read cycles: 
Asserting BS16# during "upper and lower half" 
reads causes the processor to perform two 16-bit 
read cycles for complete physical operand trans- 
fer. Bytes and 1 (as indicated by BE0# and 
BE1 #) are read on the first cycle using D0-D15. 
Bytes 2 and 3 (as indicated by BE2# and BE3#) 
are read during the second cycle, again using 
DQ-D15. D16-D31 are ignored during both 16-bit 
cycles. BE0# and BE1 # are always negated dur- 
ing the second 16-bit cycle (See Figure 5-14, cy- 
cles 2 and 2a). 



Effect of asserting BS16# during "upper and lower 

half" write cycles: 
Asserting BS16# during "upper and lower half" 
writes causes the 386 Microprocessor to perform 
two 16-bit write cycles for complete physical oper- 
and transfer. All bytes are available the first write 
cycle allowing external hardware to receive Bytes 
and 1 (as indicated by BE0# and BE1 #) using 
D0-D15. On the second cycle the 386 Microproc- 
essor duplicates Bytes 2 and 3 on D0-D15 and 
Bytes 2 and 3 (as indicated by BE2# and BE3#) 
are written using D0-D15. BE0# and BE1# are 
always negated during the second 16-bit cycle. 
BS16# must be asserted during the second 16-bit 
cycle. See Figure 5-14, cycles 1 and 1a. 



5.3.5 Interfacing with 32- and 16-Bit 
Memories 

In 32-bit-wide physical memories such as Figure 5-5, 
each physical Dword begins at a byte address that is 
a multiple of 4. A2-A31 are directly used as a Dword 
select and BE0#-BE3# as byte selects. BS16# is 
negated for all bus cycles involving the 32-bit array. 

When 16-bit-wide physical arrays are included in the 
system, as in Figure 5-6, each 16-bit physical word 
begins at a address that is a multiple of 2. Note the 
address is decoded, to assert BS1 6 # only during 
bus cycles involving the 16-bit array. (If desiring to 











231630-6 




386™ 
CPU 


32 e DATA BUS (D0-D31) 


32-BIT 
MEMORY 


4 r . ► 
ADDRESS BUS (BE0#-BE3#,A2-A31) ^ 






Tbsi« 

"HIGH" 


5# 





Figure 5-5. 386TM Microprocessor with 32-Bit Memory 
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Figure 5-6. 386TM Microprocessor with 32-Bit and 16-Bit Memory 

4-64 



iny 



386TM MICROPROCESSOR 



use pipelined address with 16-bit memories then 
BE0#-BE3# and W/R# are also decoded to de- 
termine when BS16# should be asserted. See 
5.4.3.6 Pipelined Address with Dynamic Data Bus 
Sizing.) 

A2-A31 are directly usable for addressing 32-bit 
and 16-bit devices. To address 16-bit devices, A1 
and two byte enable signals are also needed. 

To generate an A1 signal and two Byte Enable sig- 
nals for 16-bit access, BE0#-BE3# should be de- 
coded as in Table 5-7. Note certain combinations of 
BE0#-BE3# are never generated by the 386 Mi- 
croprocessor, leading to "don't care" conditions in 
the decoder. Any BE0#-BE3# decoder, such as 
Figure 5-7, may use the non-occurring BE0#-BE3# 
combinations to its best advantage. 



5.3.6 Operand Alignment 

With the flexibility of memory addressing on the 386 
Microprocessor, it is possible to transfer a logical 
operand that spans more than one physical Dword 
or word of memory or I/O. Examples are 32-bit 
Dword operands beginning at addresses not evenly 



divisible by 4, or a 16-bit word operand split between 
two physical Dwords of the memory array. 

Operand alignment and data bus size dictate when 
multiple bus cycles are required. Table 5-8 describes 
the transfer cycles generated for all combinations of 
logical operand lengths, alignment, and data bus siz- 
ing. When multiple bus cycles are required to trans- 
fer a multi-byte logical operand, the highest-order 
bytes are transferred first (but if BS16# asserted 
requires two 16-bit cycles be performed, that part of 
the transfer is low-order first). 



5.4 BUS FUNCTIONAL DESCRIPTION 



5.4.1 Introduction 

The 386 Microprocessor has separate, parallel bus- 
es for data and address. The data bus is 32-bits in 
width, and bidirectional. The address bus provides a 
32-bit value using 30 signals for the 30 upper-order 
address bits and 4 Byte Enable signals to directly 
indicate the active bytes. These buses are interpret- 
ed and controlled via several associated definition or 
control signals. 



Table 5-7. Generating A1, BHE# and BLE# for Addressing 16-Bit Devices 



386TM CPU Signals 


16-Bit Bus Signals 


Comments 


BE3# 


BE2# 


BE1# 


BE0# 


A1 


BHE# 


BLE#(A0) 


H* 


H* 


H* 


H* 


X 


X 


X 


x — no active bytes 


H 


H 


H 


L 


L 


H 


L 




H 


H 


L 


H 


L 


L 


H 




H 


H 


L 


L 


L 


L 


L 




H 


L 


H 


H 


H 


H 


L 




H* 


L* 


H* 


L* 


X 


X 


X 


x— not contiguous bytes 


H 


L 


L 


H 


L 


L 


H 




H 


L 


L 


L 


L 


L 


L 




L 


H 


H 


H 


H 


L 


H 




L* 


H* 


H* 


L* 


X 


X 


X 


x— not contiguous bytes 


L* 


H* 


L* 


H* 


X 


X 


X 


x — not contiguous bytes 


L* 


H* 


L* 


L* 


X 


X 


X 


x— not contiguous bytes 


L 


L 


H 


H 


H 


L , 


L 




L* 


L* 


H* 


L* 


X 


X 


X 


x — not continguous bytes 


L 


L 


L 


H 


L 


L 


H 




L 


L 


L 


L 


L 


L 


L 




BLE # asserted when DO- D7 of 1 6-bit bus is active. 




BHE# asserted when D8-D1 5 of 1 6-bit bus is active. 




A1 low for all even words; A1 high for all odd words. 




Key: 




x = don't care 




H = high voltage level 




L = low voltage level 




* = a non-occurring pattern of Byte Enables; either none are asserted, 




or the pattern has Byte Enables asserted for non-contiguous bytes 
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L 


BE0# 
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1 




L 
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L 


L 


L 


X 


H 


L 
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ULZ§ — — 

H 


L 
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L 


X 


X 


fe> 


X 
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BE1# 
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Figure 5-7. Logic to Generate A1, BHE# and BLE# for 16-Bit Buses 



Table 5-8. Transfer Bus Cycles for Bytes, Words and Dwords 





Byte-Length of Logical Operand 




1 


2 


4 


Physical Byte Address 
in Memory (low-order bits) 


XX 


00 


01 


10 


11 


00 


01 


10 


11 


Transfer Cycles over 
32-Bit Data Bus 


b 


w 


w 


w 


hb,* 
lb 


d 


hb 
13 


hw, 
lw 


h3, 
lb 


Transfer Cycles over 
16-Bit Data Bius 


b 


w 


hb 


w 


hb, 
lb 




hb, 


hw, 
lw 




!b, 

mw 






lb 


Key: b = byte transfer 3 = 3-byte transfer 
w = word transfer d = Dword transfer 
I = low-order portion h - high-order portion 
m = mid-order portion 
x = don't care 

= BS1 6 # asserted causes second bus cycle 
*For this case, 8086, 8088, 80186, 80188, 80286 transfer lb first, then hb. 
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The definition of each bus cycle is given by three 
definition signals: M/IO#, W/R# and D/C#. At the 
same time, a valid address is present on the byte 
enable signals BE0#-BE3# and other address sig- 
nals A2-A31. A status signal, ADS#, indicates 
when the 386 Microprocessor issues a new bus cy- 
cle definition and address. 

Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as "the 
bus". 

When active, the bus performs one of the bus cycles 
below: 

1) read from memory space 

2) locked read from memory space 

3) write to memory space 

4) locked write to memory space 

5) read from I/O space (or coprocessor) 

6) write to I/O space (or coprocessor) 

7) interrupt acknowledge 

8) indicate halt, or indicate shutdown 



Table 5-2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See section 5.2.5 
Bus Cycle Definition. 

The data bus has a dynamic sizing feature support- 
ing 32- and 16-bit bus size. Data bus size is indicated 
to the 386 Microprocessor using its Bus Size 16 
(BS16#) input. All bus functions can be performed 
with either data bus size. 

When the 386 Microprocessor bus is not performing 
one of the activities listed above, it is either Idle or in 
the Hold Acknowledge state, which may be detected 
by external circuitry; The idle state can be identified 
by the 386 Microprocessor giving no further asser- 
tions on its address strobe output (ADS#) since the 
beginning of its most recent bus cycle, and the most 
recent bus cycle has been terminated. The hold ac- 
knowledge state is identified by the 386 Microproc- 
essor asserting its hold acknowledge (HLDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 
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Figure 5-8. Fastest Read Cycles with Non-Pipelined Address Timing 
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The fastest 386 Microprocessor bus cycle requires 
only two bus states. For example, three consecutive 
bus read cycles, each consisting of two bus states, 
are shown by Figure 5-8. The bus states in each 
cycle are named T1 and T2. Any memory or I/O 
address may be accessed by such a two-state bus 
cycle, if the external hardware is fast enough. The 
high-bandwidth, two-clock bus cycle realizes the full 
potential of fast main memory, or cache memory. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 386 Mi- 
croprocessor READY # input. Acknowledging the 
bus cycle at the end of the first 12 results in the 
shortest bus cycle, requiring only T1 and 12. If 
READY # is not immediately asserted, however, T2 
states are repeated indefinitely until the READY # 
input is sampled asserted. 



5.4.2 Address Pipelining 

The address pipelining option provides a choice of 
bus cycle timings. Pipelined or non-pipelined ad- 
dress timing is selectable on a cycle-by-cycle basis 
with the Next Address (NA#) input. 



When address pipelining is not selected, the current 
address and bus cycle definition remain stable 
throughout the bus cycle. 

When address pipelining is selected, the address 
(BE0#-BE3#, A2-A31) and definition (W/R#, 
D/C# and M/IO#) of the next cycle are available 
before the end of the current cycle. To signal their 
availability, the 386 Microprocessor address status 
output (ADS#) is also asserted. Figure 5-9 illus- 
trates the fastest read cycles with pipelined address 
timing. 

Note from Figure 5-9 the fastest bus cycles using 
pipelined address require only two bus states, 
named T1P and T2P. Therefore cycles with pipe- 
lined address timing allow the same data bandwidth 
as non-pipelined cycles, but address-to-data access 
time is increased compared to that of a non-pipe- 
lined cycle. 

By increasing the address-to-data access time, pipe- 
lined address timing reduces wait state require- 
ments. For example, if one wait state is required with 
non-pipelined address timing, no wait states would 
be required with pipelined address. 
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Figure 5-9. Fastest Read Cycles with Pipelined Address Timing 
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Pipelined address timing is useful in typical systems 
having address latches. In those systems, once an 
address has been latched, pipelined availability of 
the next address allows decoding circuitry to gener- 
ate chip selects (and other necessary select signals) 
in advance, so selected devices are accessed im- 
mediately when the next cycle begins. In other 
words, the decode time for the next cycle can be 
overlapped with the end of the current cycle. 

If a system contains a memory structure of two or 
more interleaved memory banks, pipelined address 
timing potentially allows even more overlap of activi- 
ty. This is true when the interleaved memory control- 
ler is designed to allow the next memory operation 



to begin in one memory bank while the current bus 
cycle is still activating another memory bank. Figure 
5-10 shows the general structure of the 386 Micro- 
processor with 2-bank and 4-bank interleaved mem- 
ory. Note each memory bank of the interleaved 
memory has full data bus width (32-bit data width 
typically, unless 16-bit bus size is selected). 

Further details of pipelined address timing are given 
in 5.4.3.4 Pipelined Address, 5.4.3.5 Initiating and 
Maintaining Pipelined Address, 5.4.3.6 Pipelined 
Address with Dynamic Bus Sizing, and 5.4.3.7 
Maximum Pipelined Address Usage with 16-Blt 
Bus Size. 
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Figure 5-10. 2-Bank and 4-Bank Interleaved Memory Structure 
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5.4.3 Read and Write Cycles 

5.4.3.1 INTRODUCTION 

Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles data is transferred in the oth- 
er direction, from the processor to an external de- 
vice. 

Two choices of address timing are dynamically se- 
lectable: non-pipelined, or pipelined. After a bus idle 
state, the processor always uses non-pipelined ad- 
dress timing. However, the NA# (Next Address) in- 
put may be asserted to select pipelined address 
timing for the next bus cycle. When pipelining is se- 
lected and the 386 Microprocessor has a bus re- 
quest pending internally, the address and definition 
of the next cycle is made available even before the 
current bus cycle is acknowledged by READY#. 
Generally, the NA# input is sampled each bus cycle 
to select the desired address timing for the next bus 
cycle. 



Two choices of physical data bus width are dynami- 
cally selectable: 32 bits, or 16 bits. Generally, the 
BS16# (Bus Size 16) input is sampled near the end 
of the bus cycle to confirm the physical data bus size 
applicable to the current cycle. Negation of BS16# 
indicates a 32-bit size, and assertion indicates a 16- 
bit bus size. 

If 16-bit bus size is indicated, the 386 Microproces- 
sor automatically responds as required to complete 
the transfer on a 16-bit data bus. Depending on the 
size and alignment of the operand, another 16-bit 
bus cycle may be required. Table 5-7 provides all 
details. When necessary, the 386 Microprocessor 
performs an additional 16-bit bus cycle, using D0- 
D15 in place of D16-D31. 

Terminating a read cycle or write cycle, like any bus 
cycle, requires acknowledging the cycle by asserting 
the READY# input. Until acknowledged, the proces- 
sor inserts wait states into the bus cycle, to allow 
adjustment for the speed of any external device. Ex- 
ternal hardware, which has decoded the address 
and bus cycle type asserts the READY # input at the 
appropriate time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus cycle can immediately 
follow the write cycle. 



Figure 5-11. Various Bus Cycles and Idle States with Non-Pipelined Address (zero wait states) 
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At the end of the second bus state within the bus 
cycle, READY # is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY #, the bus cycle terminates as shown in Fig- 
ure 5-11. If READY# is negated as in Figure 5-12, 
the cycle continues another bus state (a wait state) 
and READY # is sampled again at the end of that 
state. This continues, indefinitely until the cycle is ac- 
knowledged by READY # asserted. 

When the current cycle is acknowledged, the 386 
Microprocessor terminates it. When a read cycle is 
acknowledged, the 386 Microprocessor latches the 
information present at its data pins. When a write 
cycle is acknowledged, the 386 Microprocessor 
write data remains valid throughout phase one of the 
next bus state, to provide write data hold time. 

5.4.3.2 NON-PIPELINED ADDRESS 

Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 5-11 shows a 
mixture of read and write cycles with non-pipelined 
address timing. Figure 5-1 1 shows the fastest possi- 



ble cycles with non-pipelined address have two bus 
states per bus cycle. The states are named T1 and 
T2. In phase one of the T1 , the address signals and 
bus cycle definition signals are driven valid, and to 
signal their availability, address status (ADS#) is 
simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 386 Microproces- 
sor floats its data signals to allow driving by the ex- 
ternal device being addressed. The 386 Microproc- 
essor requires that all data bus pins be at a valid 
logic state (high or low) at the end of each read 
cycle, when READY # is asserted. The system 
MUST be designed to meet this requirement. If 
the cycle is a write, data signals are driven by the 
386 Microprocessor beginning in phase two of T1 
until phase one of the bus state following cycle ac- 
knowledgment. 

Figure 5-12 illustrates non-pipelined bus cycles with 
one wait added to cycles 2 and 3. READY # is sam- 
pled negated at the end of the first T2 in cycles 2 
and 3. Therefore cycles 2 and 3 have T2 repeated. 
At the end of the second T2, READY # is sampled 
asserted. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus cycle can immediately 
follow the write cycle. 



Figure 5-12. Various Bus Cycles and Idle States with Non-Pipelined Address 
(various number of wait states) 
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HOLD ASSERTED 




HOLD NEGATED 
NO REQUEST 



READY# NEGATED* 
Bu.S.a,e.: . NAfkoATED 

Tl— -first clock of a non-pipelined bus cycle (386tm CPU drives new address and asserts ADS#) 231630-17 

T2— subsequent clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle 
Ti~ idle state 

Th— hold acknowledge state (386tm CPU asserts HLD A) 
The fastest bus cycle consists of two states: T1 and T2. 

Four basic bus states describe bus operation when not using pipelined address. These states do include BS16# usage for 32-bit and 16-bit 
bus size. If asserting BS16# requires a second 16-bit bus cycle to be performed, it is performed before HOLD asserted is acknowledged. 



Figure 5-13. 386tm Microprocessor Bus States (not using pipelined address) 



When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and you desire 
to maintain non-pipelined address timing, it is neces- 
sary to negate NA# during each T2 state except the 
last one, as shown in Figure 5-12 cycles 2 and 3. If 
NA# is sampled asserted during a T2 other than the 
last one, the next state would be T2I (for pipelined 
address) or T2P (for pipelined address) instead of 
another T2 (for non-pipelined address). 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
5-13. The bus transitions between four possible 
states: T1 , T2, Ti, and Th. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth- 
erwise, the bus may be idle, in the Ti state, or in hold 
acknowledge, the Th state. 

When address pipelining is not used, the bus state 
diagram is as shown in Figure 5-13. When the bus is 



idle it is in state Ti. Bus cycles always begin with T1 . 
T1 always leads to T2. If a bus cycle is not acknowl- 
edged during T2 and NA# is negated, T2 is repeat- 
ed. When a cycle is acknowledged during T2, the 
following state will be T1 of the next bus cycle if a 
bus request is pending internally, or Ti if there is no 
bus request pending, or Th if the HOLD input is be- 
ing asserted. 

The bus state diagram in Figure 5-13 also applies to 
the use of BS16#. If the 386 Microprocessor makes 
internal adjustments for 16-bit bus size, the adjust- 
ments do not affect the external bus states. If an 
additional 1 6-bit bus cycle is required to complete a 
transfer on a 16-bit bus, it also follows the state tran- 
sitions shown in Figure 5-13. 

Use of pipelined address allows the 386 Microproc- 
essor to enter three additional bus states not shown 
in Figure 5-13. Figure 5-20 in 5.4.3.4 Pipelined Ad- 
dress is the complete bus state diagram, including 
pipelined address cycles. 
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5.4.3.3 NON-PIPELINED ADDRESS WITH 
DYNAMIC DATA BUS SIZING 

The physical data bus width for any non-pipelined 
bus cycle can be either 32-bits or 16-bits. At the 
beginning of the bus cycle, the processor behaves 
as if the data bus is 32-bits wide. When the bus cy- 
cle is acknowledged, by asserting READY # at the 
end of a T2 state, the most recent sampling of 
BS16# determines the data bus size for the cycle 
being acknowledged. If BS16# was most recently 
negated, the physical data bus size is defined as 



32 bits. If BS16# was most recently asserted, the 
size is defined as 16 bits. 

When BS16# is asserted and two 16-bit bus cycles 
are required to complete the transfer, BS16# must 
be asserted during the second cycle; 16-bit bus size 
is not assumed. Like any bus cycle, the second 16- 
bit cycle must be acknowledged by asserting 
READY #. 

When a second 16-bit bus cycle is required to com- 
plete the transfer over a 16-bit bus, the addresses 
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Figure 5-14. Asserting BS16# (zero wait states, non-pipelined address) 
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Figure 5-15. Asserting BS16# (one wait state, non-pipelined address) 



generated for the two 16-bit bus cycles are closely 
related to each other. The addresses are the same 
except BE0# and BE1 # are always negated for the 
second cycle. This is because data on D0-D15 was 
already transferred during the first 1-6-bit cycle. 

Figures 5-14 and 5-15 show cases where assertion 
of BS16# requires a second 16-bit cycle for com- 
plete operand transfer. Figure 5-14 illustrates cycles 



without wait states. Figure 5-15 illustrates cycles 
with one wait state. In Figure 5-15 cycle 1, the bus 
cycle during which BS16# is asserted, note that 
NA# must be negated in the T2 state(s) prior to the 
last T2 state. This is to allow the recognition of 
BS16# asserted in the final T2 state. The relation of 
NA# and BS16# is given fully in 5.4.3.4 Pipelined 
Address, but Figure 5-15 illustrates this only pre- 
caution you need to know when using BS16# with 
non-pipelined address. 
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5.4.3.4 PIPELINED ADDRESS 

Address pipelining is the option of requesting the 
address and the bus cycle definition of the next, in- 
ternally pending bus cycle before the current bus 
cycle is acknowledged with READY # asserted. 
ADS# is asserted by the 386 Microprocessor when 
the next address is issued. The address pipelining 
option is controlled on a cycle-by-cycle basis with 
the NA# input signal. 

Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA# input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles, therefore, NA# is 
sampled at the end of phase one in every T2. An 
example is Cycle 2 in Figure 5-16, during which NA# 
is sampled at the end of phase one of every T2 (it 
was asserted once during the first T2 and has no 
further effect during that bus cycle). 



If NA# is sampled asserted, the 386 Microprocessor 
is free to drive the address and bus cycle definition 
of the next bus cycle, and assert ADS#, as soon as 
it has a bus request internally pending. It may drive 
the next address as early as the next bus state, 
whether the current bus cycle is acknowledged at 
that time or not. 

Regarding the details of address pipelining, the 386 
Microprocessor has the following characteristics: 

1) For NA# to be sampled asserted, BS16# must 
be negated at that sampling window (see Figure 
5-16 Cycles 2 through 4, and Figure 5-17 Cycles 1 
through 4). If NA# and BS16# are both sampled 
asserted during the last T2 period of a bus cycle, 
BS16# asserted has priority. Therefore, if both 
are asserted, the current bus size is taken to be 
16 bits and the next address is not pipelined. 
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Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA# is only sampled during wait states. 
Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipelined cycle with at least one wait state 
(Cycle 2 above). 



Figure 5-16. Transitioning to Pipelined Address During Burst of Bus Cycles 
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Following any idle bus state (Ti) the address is always non-pipelined and NA# is only sampled during wait states. To start address pipelining 
after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 



Figure 5-17. Fastest Transition to Pipelined Address Following Idle Bus State 



2) The next address may appear as early as the bus 
state after NA# was sampled asserted (see Fig- 
ures 5-16 or 5-17). In that case, state T2P is en- 
tered immediately. However, when there is not an 
internal bus request already pending, the next ad- 
dress will not be available immediately after NA# 
is asserted and T2I is entered instead of T2P (see 
Figure 5-1 9 Cycle 3). Provided the current bus cy- 
cle isn't yet acknowledged by READY # asserted, 
T2P will be entered as soon as the 386 Micro- 
processor does drive the next address. External 
hardware should therefore observe the ADS# 
output as confirmation the next address is actual- 
ly being driven on the bus. 

3) Once NA# is sampled asserted, the 386 Micro- 
processor commits itself to the highest priority 
bus request that is pending internally, it can no 
longer perform another 1 6*bit transfer to the same 
address should BS16# be asserted externally, so 



thereafter must assume the current bus size is 32 
bits. Therefore if NA# is sampled asserted within 
a bus cycle, BS16# must be negated thereafter 
in that bus cycle (see Figures 5-16, 5-17, 5-19). 
Consequently, do not assert NA# during bus cy- 
cles which must have BS16# driven asserted. 
See 5.4.3.6 Dynamic Bus Sizing with Pipelined 
Address. 

4) Any address which is validated by a pulse on the 
386 Microprocessor ADS # output will remain sta- 
ble on the address pins for at least two processor 
clock periods. The 386 Microprocessor cannot 
produce a new address more frequently than ev- 
ery two processor clock periods (see Figures 
5-16,5-17,5,19). 

5) Only the address and bus cycle definition 6f the 
very next bus cycle is available. The pipelining ca- 
pability cannot look further than one bus cycle 
ahead (see Figure 5-1 9 Cycle 1). 
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The complete bus state transition diagram, including 
operation with pipelined address is given by 5-20. 
Note it is a superset of the diagram for non-pipelined 
address only, and the three additional bus states for 
pipelined address are drawn in bold. 

The fastest bus cycle with pipelined address con- 
sists of just two bus states, T1 P and T2P (recall for 
non-pipelined address it is T1 and T2). T1P is the 
first bus state of a pipelined cycle. 

5.4.3.5 INITIATING AND MAINTAINING 
PIPELINED ADDRESS 

Using the state diagram Figure 5-20, observe the 
transitions from an idle state, Ti, to the beginning of 
a pipelined bus cycle, T1 P. From an idle state Ti, the 
first bus cycle must begin with T1 , and is therefore a 
non-pipelined bus. cycle. The next bus cycle will be 
pipelined, however, provided NA# is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast- 
est path from an idle state to a bus cycle with pipe- 
lined address is shown in bold below: 

TVOTi y T1-T2-T2P >7 TIP- T2P^ 

idle non-pipelined pipelined 
states cycle cycle 

T1-T2-T2P are the states of the bus cycle that es- 
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

Jh,Th,Th V v T1-T2-T2P v J1P-T2P >7 

hold non-pipelined pipelined 
acknowledge cycle cycle 

states 

The transition to pipelined address is shown func- 
tionally by Figure 5-17 Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA# input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 
and 4. 



Once a bus cycle is in progress and the current ad- 
dress has been valid for one entire bus state, the 
NA# input is sampled at the end of every phase one 
until the bus cycle is acknowledged. During Figure 5- 
17 Cycle 1 therefore, sampling begins in T2. Once 
NA# is sampled asserted during the current cycle, 
the 386 Microprocessor is free to drive a new ad- 
dress and bus cycle definition on the bus as early as 
the next bus state. In Figure 5-16 Cycle 1 for exam- 
ple, the next address is driven during state T2P. 
Thus Cycle 1 makes the transition to pipelined ad- 
dress timing, since it begins with T1 but ends with 
T2P. Because the address for Cycle 2 is available 
before Cycle 2 begins, Cycle 2 is called a pipelined 
bus cycle, and it begins with T1 P. Cycle 2 begins as 
soon as READY # asserted terminates Cycle 1. 

Example transition bus cycles are Figure 5-17 Cycle 
1 and Figure 5-16 Cycle 2. Figure 5-17 shows tran- 
sition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 5-16 Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
dccurs: it consists at least of T1, T2 (you assert 
NA# at that time), and T2P (provided the 386 Micro- 
processor has an internal bus request already pend- 
ing, which it almost always has). T2P states are re- 
peated if wait states are added to the cycle. 

Note three states (T1 , T2 and T2P) are only required 
in a bus cycle performing a transition from non- 
pipelined address into pipelined address timing, for 
example Figure 5-1 7 Cycle 1 . Figure 5-1 7 Cycles 2, 
3 and 4 show that address pipelining can be main- 
tained with two-state bus cycles consisting only of 
T1PandT2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the 386 Microprocessor en- 
ters T2P during the current bus cycle. The current 
bus cycle must end in state T2P for pipelining to be 
maintained in the next cycle. T2P is identified by the 
assertion of ADS#. Figures 5-16 and 5-17 however, 
each show pipelining ending after Cycle 4 because 
Cycle 4 ends in T2I. This indicates the 386 Micro- 
processor didn't have an internal bus request prior 
to the acknowledgement of Cycle 4. If a cycle ends 
with a T2 or T2I, the next cycle will not be pipelined. 
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Figure 5-19. Details of Address Pipelining During Cycles with Wait States 
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Bus States: 

T1— first clock of a non-pipelined bus cycle (386tm CPU drives new ad- 
dress and asserts ADS#). 

T2— subsequent clocks of a bus cycle when NA# has not been sampled 
asserted in the current bus cycle. 

T2I— subsequent clocks of a bus cycle when NA# has been sampled as- 
serted in the current bus cycle but there is not yet an internal bus request 
pending (386tm CPU will not drive new address or assert ADS#). 
T2P— subsequent clocks of a bus cycle when NA# has been sampled 
asserted in the current bus cycle and there is an internal bus request pend- 
ing (386™ CPU drives new address and asserts ADS#). 
T1P— first clock of a pipelined bus cycle. 
Ti — idle state. 

Th— hold acknowledge state (386tm CPU asserts HLDA). 
Asserting NA# for pipelined address gives access to three more bus 
states: T2I.T2P and T1 P. 
Using pipelined address, the fastest bus cycle consists of T1P and T2P. 



READY# NEGATED 



Figure 5-20. 386™ Microprocessor Complete Bus States (including pipelined address) 



Realistically, address pipelining is almost always 
maintained as long as NA# is sampled asserted. 
This is so because in the absence of any other re- 
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre- 
fetch queue are completely full. Therefore address 
pipelining is maintained for long bursts of bus cycles, 
if the bus is available (i.e., HOLD negated) and NA# 
is sampled asserted in each of the bus cycles. 

5.4.3.6 PIPELINED ADDRESS WITH DYNAMIC 
DATA BUS SIZING 

The BS16# feature allows easy interface to 16-bit 
data buses. When asserted, the 386 Microproces- 



sor bus interface hardware performs appropriate ac- 
tion to make the transfer using a 16-bit data bus 
connected on D0-D15. 

There is a degree of interaction, however, between 
the use of Address Pipelining and the use of Bus 
Size 1 6. The interaction results from the multiple bus 
cycles required when transferring 32-bit operands 
oyer a 1 6-bit bus. If the operand requires both 1 6-bit 
halves of the 32-bit bus, the appropriate 386 Micro- 
processor action is a second bus cycle to complete 
the operand's transfer. It is this necessity that con- 
flicts with N A # usage. 

When NA# is sampled asserted, the 386 Microproc- 
essor commits itself to perform the next internally 
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pending bus request, and is allowed to drive the next 
internally pending address onto the bus. Asserting 
NA# therefore makes it impossible for the next bus 
cycle to again access the current address on A2- 
A31, such as may be required when BS16# is as- 
serted by the external hardware. 

To avoid conflict, the 386 Microprocessor is de- 
signed with following two provisions: 

1) To avoid conflict, BS16# must be negated in the 
current bus cycle if NA# has already been 



sampled asserted in the current cycle. If NA# is 
sampled asserted, the current data bus size is as- 
sumed to be 32 bits. 

2) To also avoid conflict, if NA# and BS16# are 
both asserted during the same sampling window, 
BS16# asserted has priority and the 386 Micro- 
processor acts as if NA# was negated at that 
time. Internal 386 Microprocessor circuitry, shown 
conceptually in Figure 5-18, assures that BS16# 
is sampled asserted and NA# is sampled negat- 
ed if both inputs are externally asserted at the 
same sampling window. 
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Key: Dn = physical data pin n 
dn = logical data bit n 
Cycle 1 is pipelined. Cycle 1 a cannot be pipelined, but its address can be inferred from that of Cycle 1 , to externally simulate address pipelining 
during Cycle 1a. 



Figure 5-21. Using NA# and BS16# 
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Certain types of 16-bit or 8-bit operands require no 
adjustment for correct transfer on a 16-bit bus. 
Those are read or write operands using only the low- 
er half of the data bus, and write operands using 
only the upper half of the bus since the 386 Micro- 
processor simultaneously duplicates the write data 
on the lower half of the data bus. For these patterns 
of Byte Enables and the R/W# signals, BS16# 
need not be asserted at the 386 Microprocessor, 
allowing NA# to be asserted during the bus cycle if 
desired. 



5.4.4 Interrupt Acknowledge (INT A) 
Cycles 

In response to an interrupt request on the INTR in- 
put when interrupts are enabled, the 386 Micro- 



processor performs two interrupt acknowledge cy- 
cles. These bus cycles are similar to read cycles in 
that bus definition signals define the type of bus ac- 
tivity taking place, and each cycle continues until ac- 
knowledged by READY # sampled asserted. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A31-A3 low, A2 high, BE3#-BE1# high, and 
BE0# low). The address driven during the second 
interrupt acknowledge cycle is (A31-A2 low, 
BE3#-BE1# high, BE0# low). 
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Interrupt Vector (0-255) is read on D0-D7 at end of second Interrupt Acknowledge bus cycle. 

Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA# has no practical effect. Choose the approach 
which is simplest for your system hardware design. 



Figure 5-22. Interrupt Acknowledge Cycles 
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Figure 5-23. Halt Indication Cycle 



The LOCK # output is asserted from the beginning 
of the first interrupt acknowledge cycle until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states, Ti, are inserted by the 386 Microproces- 
sor between the two interrupt acknowledge cycles, 
allowing for compatibility with spec TRHRL of the 
8259A Interrupt Controller. 

During both interrupt acknowledge cycles, D0-D31 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter- 
rupt acknowledge cycle, the 386 Microprocessor will 
read an external interrupt vector from DQ-D7 of the 
data bus. The vector indicates the specific interrupt 
number (from 0-255) requiring service. 



5.4.5 Halt Indication Cycle 

The 386 Microprocessor halts as a result of execut- 
ing a HALT instruction. Signaling its entrance into 
the halt state, a halt indication cycle is performed. 
The halt indication cycle is identified by the state of 
the bus definition signals shown in 5.2.5 Bus Cycle 
Definition and a byte address of 2. BE0# and 
BE2# are the only signals distinguishing halt indica- 
tion from shutdown indication, which drives an ad- 
dress of 0. During the halt cycle undefined data is 
driven on D0-D31. The halt indication cycle must be 
acknowledged by READY # asserted. 

A halted 386 Microprocessor resumes execution 
when INTR (if interrupts are enabled) or NMI or RE- 
SET is asserted. 
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5.4.6 Shutdown Indication Cycle 

The 386 Microprocessor shuts down as a result of a 
protection fault while attempting to process a double 
fault. Signaling its entrance into the shutdown state, 
a shutdown indication cycle is performed. The shut- 
down indication cycle is identified by the state of the 
bus definition signals shown in 5.2.5 Bus Cycle Def- 
inition and a byte address of 0. BE0# and BE2# 



are the only signals distinguishing shutdown indica- 
tion from halt indication, which drives an address of 
2. During the shutdown cycle undefined data is driv- 
en on D0-D31. The shutdown indication cycle must 
be acknowledged by READY # asserted. 

A shutdown 386 Microprocessor resumes execution 
when NMI or RESET is asserted. 
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Figure 5-24. Shutdown Indication Cycle 
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5.5 OTHER FUNCTIONAL 
DESCRIPTIONS 

5.5.1 Entering and Exiting Hold 
Acknowledge 

The bus hold acknowtedge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 386 Microproces- 
sor floats all output or bidirectional signals, except 
for HLDA. HLDA is asserted as long as the 386 Mi- 
croprocessor remains in the bus hold acknowledge 
state. In the bus hold acknowledge state, all inputs 
except HOLD, RESET, BUSY#, ERROR #, and 
PEREQ are ignored (also up to one rising edge on 
NMI is remembered for processing when HOLD is 
no longer asserted). 
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231630-29 
NOTE: 

For maximum design flexibility the 386tm Microproces- 
sor has no internal pullup resistors on its outputs. Your 
design may require an external pullup on ADS# and 
other 386tm CPU outputs to keep them negated during 
float periods. 



Figure 5-25. Requesting Hold from Idle Bus 

Th may be entered from a bus idle state as in Figure 
5-25 or after the acknowledgement of the current 
physical bus cycle if the LOCK# signal is not assert- 
ed, as in Figures 5-26 and 5-27. If HOLD is asserted 
during a locked bus cycle, the 386 Microproces- 



sor may execute one unlocked bus cycle before ac- 
knowledging HOLD. If asserting BS16# requires a 
second 16-bit bus cycle to complete a physical oper- 
and transfer, it is performed before HOLD is ac- 
knowledged, although the bus state diagrams in fig- 
ures 5-13 and 5-20 do not indicate that detail. 

Th is exited in response to the HOLD input being 
negated. The following state will be Ti as in Figure 
5-25 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5-26 and 5-27. 

Th is also exited in response to RESET being assert- 
ed. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Th is exit- 
ed, unless of course, the 386 Microprocessor is re- 
set before Th is exited. 



5.5.2 Reset During Hold Acknowledge 

RESET being asserted takes priority over HOLD be- 
ing asserted. Therefore, Th is exited in reponse to 
the RESET input being asserted. If RESET is assert- 
ed while HOLD remains asserted, the 386 Micro- 
processor drives its pins to defined states during re- 
set, as in Table 5-3 Pin State During Reset, and 
performs internal reset activity as usual. 

If HOLD remains asserted when RESET is negated, 
the 386 Microprocessor enters the hold acknowl- 
edge state before performing its first bus cycle, pro- 
vided HOLD is still asserted when the 386 Micro- 
processor would otherwise perform its first bus 
cycle. If HOLD remains asserted when RESET is 
negated, the BUSY# input is still sampled as usual 
to determine whether a self test is being requested, 
and ERROR # is still sampled as usual to determine 
whether an 80387 vs. an 80287 (or none) is present. 



5.5.3 Bus Activity During and 
Following Reset 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert- 
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 

RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 386 
Microprocessor, and at least 78 CLK2 periods if 386 
Microprocessor self-test is going to be requested at 
the falling edge. RESET asserted pulses less than 
15 CLK2 periods may not be recognized. RESET 
pulses less than 78 CLK2 periods followed by a 



4-84 



irrteT 



386TM MICROPROCESSOR 



«c jiiirumniinjijirLruuij 

(CLK)[ 



HOLD 



c 






CYCLE 1 

NON-PIPELINED 

(READ) 

T2 



V 



(FLOATING) 



hldaT 

BE0#-BE3#,A2-A31, p 
M/IO#,D/C#,W/R#L 

ADS# [ 
BS16#L 



r 



T2 



1 Ahc 



HOLD 
ACKNOWLEDGE 



Th 



32-BIT BUS SIZE £ 

flOOWOW a 



NOTE: IF ASSERTING BS16# 
REQUIRES A SECOND BUS 
CYCLE TO BE PERFORMED, 
THE SECOND CYCLE IS 
PERFORMED BEFORE 
HOLD ACKNOWLEDGE 



READY# 



\ 



HOLD ASSERTED 

NO LATER THAN READY# ASSERTED 



CYCLE 2 

NON-PIPELINED 

(WRITE) 



T1 



T2 



r 



MING) /■ 

r-f 

t% (FLOATING) 



^smsmsmsa 



[ xtaxtaxkxxM mMMM 



LOCK# £ 
D0-D31 f 



( NEGATED, OR LAST LOCKED CYQL E) 



VALID 1 



(FLOATING) 






(FLOATING) 

"7" 

(FLOATING) 



r 



c 



VALID 2 



OUT 



231630-30 



NOTE: 

HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 



Figure 5-26. Requesting Hold from Active Bus (NA# negated) 



self-test may cause the self-test to report a failure 
when no true failure exists. The additional RESET 
pulse width is required to clear additional state prior 
to a valid self-test. 

Provided the RESET falling edge meets setup and 
hold times t25 and t26. the internal processor clock 
phase is defined at that time, as illustrated by Figure 
5-28 and Figure 7-7. 

A 386 Microprocessor self-test may be requested at 
the time RESET is negated by having the BUSY# 
input at a LOW level, as shown in Figure 5-28. The 
self-test requires (220) + approximately 60 CLK2 
periods to complete. The self-test duration is not af- 
fected by the test results. Even if the self-test indi- 



cates a problem, the 386 Microprocessor attempts 
to proceed with the reset sequence afterwards. 

After the RESET falling edge (and after the self-test 
if it was requested) the 386 Microprocessor per- 
forms an internal initialization sequence for approxi- 
mately 350 to 450 CLK2 periods. Also during the 
initialization, between the 20th CLK2 period and the 
first bus cycle, the ERROR # input is sampled to de- 
termine the presence of an 80387 coprocessor ver- 
sus the presence of an 80287 (or no coprocessor). 
During this time period, BUSY# must be HIGH. To 
distinguish between an 80287 being present and no 
coprocessor being present requires a software test. 
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NOTE: 

HOLD is a synchrpnous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 



Figure 5-27. Requesting Hold from Active Bus (NA# asserted) 



5.6 SELF-TEST SIGNATURE 

Upon completion of self-test, (if self-test was re- 
quested by holding BUSY # LOW at least eight 
CLK2 periods before and after the falling edge of 
RESET), the EAX register will contain a signature of 
OOOOOOOOh indicating the 386 Microprocessor 
passed its self-test of microcode and major P LA 
contents with no problems detected. The passing 
signature in EAX, OOOOOOOOh, applies to all 386 Mi- 
croprocessor revision levels. Any non-zero signature 
indicates the 386 Microprocessor unit is faulty. 



5.7 COMPONENT AND REVISION 
IDENTIFIERS 

To assist 386 Microprocessor users, the 386 Micro- 
processor after reset holds a component identi- 



fier and a revision identifier in its DX register. The 
upper 8 bits of DX hold 03h as identification of the 
386 Microprocessor component. The lower 8 bits of 
DX hold an 8-bit unsigned binary number related to 
the component revision level. The revision identifier 
begins chronologically with a value zero and is sub- 
ject to change (typically it will be incremented) with . 
component steppings intended to have certain im- 
provements or distinctions from previous steppings. 

These features are intended to assist 386 Micro- 
processor users to a practical extent. However, the 
revision identifier value is not guaranteed to change 
with every stepping revision, or to follow a complete- 
ly uniform numerical sequence, depending on the 
type or intention of revision, or manufacturing mate- 
rials required to be, changed. Intel has sole discre- 
tion over these characteristics of the component. 
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NOTES: 

1. BUSY# should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 

2. If self-test is requested, the 386tm Microprocessor outputs remain in their reset state as shown here and in Table 5-3. 



Figure 5-28. Bus Activity from Reset Until First Code Fetch 
Table 5-10. Component and Revision Identifier History 



386TM CPU 

Stepping 

Name 


Component 
Identifier 


Revision 
Identifier 


386TM CPU 

Stepping 

Name 


Component 
Identifier 


Revision 
Identifier 


B0 
B1 


03 
03 


03 
03 


DO 


03 


05 
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5.8 COPROCESSOR INTERFACING 

The 386 Microprocessor provides an automatic in- 
terface for the Intel 80387 numeric floating-point co- 
processor. The 80387 coprocessor uses an l/O- 
mapped interface driven automatically by the 386 
Microprocessor and assisted by three dedicated sig- 
nals: BUSY#, ERROR #, and PEREQ. 

As the 386 Microprocessor begins supporting a co- 
processor instruction, it tests the BUSY# and 
ERROR # signals to determine if the coprocessor 
can accept its next instruction. Thus, the BUSY# 
and ERROR # inputs eliminate the need for any 
"preamble" bus cycles for communication between 
processor and coprocessor. The 80387 can be giv- 
en its command opcode immediately. The dedicated 
signals provide instruction synchronization, and 
eliminate the need of using the 386 Microprocessor 
WAIT opcode (9Bh) for 80387 instruction synchroni- 
zation (the WAIT opcode was required when 8086 or 
8088 was used with the 8087 coprocessor). 

Custom coprocessors can be included in 386 Micro- 
processor-based systems, via memory-mapped or 
l/O-mapped interfaces. Such coprocessor interfac- 
es allow a completely custom protocol, and are not 
limited to a set of coprocessor protocol "primitives". 
Instead, memory-mapped or l/O-mapped interfaces 
may use all applicable 386 Microprocessor instruc- 
tions for high-speed coprocessor communication. 
The BUSY# and ERROR# inputs of the 386 Micro- 
processor may also be used for the custom coproc- 
essor interface, if such hardware assist is desired. 
These signals can be tested by the 386 Microproc- 
essor WAIT opcode (9Bh). The WAIT instruction will 
wait until the BUSY # input is negated (interruptable 
by an NMI or enabled INTR input), but generates an 
exception 16 fault if the ERROR # pin is in the as- 
serted state when the BUSY# goes (or is) negated. 
If the custom coprocessor interface is memory- 
mapped, protection of the addresses used for the 
interface can be provided with the 386 Microproces- 



sor on-chip paging or segmentation mechanisms. If 
the custom interface is l/O-mapped, protection of 
the interface can be provided with the 386 Micro- 
processor IOPL (I/O Privilege Level) mechanism. 

The 80387 numeric coprocessor interface is I/O 
mapped as shown in Table 5-11. Note that the 
80387 coprocessor interface addresses are beyond 
the Oh-FFFFh range for programmed I/O. When the 
386 Microprocessor supports the 80387 coproces- 
sor, the 386 Microprocessor automatically generates 
bus cycles to the coprocessor interface addresses. 

Table 5-11. Numeric Coprocessor 
Port Addresses 



Address in 
386TM CPU 
I/O Space 


80387 

Coprocessor 

Register 


800000F8h 


Opcode Register 
(32-bit port) 


800000FCh 


Operand Register 
(32-bit port) 



To correctly map the 80387 registers to the appro- 
priate I/O addresses, connect the 80387 CMD0# 
pin directly to the A2 output of the 386 Microproces- 
sor. 



5.8.1 Software Testing for 
Coprocessor Presence 

When software is used to test for coprocessor 
(80387) presence, it should use only the following 
coprocessor opcodes: FINIT, FNINIT, FSTCW mem, 
FSTSW mem, FSTSW AX. To use other coproces- 
sor opcodes when a coprocessor is known to be not 
present, first set EM = 1 in 386 Microprocessor 
CR0. 
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6. MECHANICAL DATA 



6.1 INTRODUCTION 

In this section, the physical packaging and its con- 
nections are described in detail. 



6.2 PIN ASSIGNMENT 

The 386 Microprocessor pinout as viewed from the 
top side of the component is shown by Figure 6-1 . 
Its pinout as viewed from the Pin side of the compo- 
nent is Figure 6-2. 



Vcc and GND connections must be made to multi- 
ple Vcc and Vss (GND) pins. Each Vcc and Vss 
must be connected to the appropriate voltage level. 
The circuit board should include Vcc and GND 
planes for power distribution and all Vcc and Vss 
pins must be connected to the appropriate plane. 

NOTE: 

Pins identified as "N.C." should remain completely 
unconnected. 
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Figure 6-1. 386tm Microprocessor PGA Pinout— View from Top Side 
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Figure 6-2. 386?m Microprocessor PGA Pinout— View from Pin Side 
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Table 6-1. 386tm Microprocessor PGA Pinout— Functional Grouping 


Pin / Signal 


Pin / Signal 


Pin / Signal 


Pin / Signal 


N2 A31 


M5 D31 


A1 V CC 


A2 V SS 


P1 A30 


P3 D30 


A5 V C C 


A6 V SS 


M2 A29 


P4 D29 


A7 V C c 


A9 V SS 


L3 A28 


M6 D28 


A10 Vcc 


B1 V SS 


N1 A27 


N5 D27 


A14 Vcc 


B5 V SS 


M1 A26 


P5 D26 


C5 V CC 


B11 V SS 


K3 A25 


N6 D25 


C12 Vcc 


B14 V SS 
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C11 Vss 
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G2 Vcc 
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G12 Vcc 
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Figure 6-3. 132-Pin Ceramic PGA Package Dimensions 



6.3 Package Dimensions and 
Mounting 

The initial 386 Microprocessor package is a 132-pin 
ceramic pin grid array (PGA). Pins of this package 
are arranged 0.100 inch (2.54mm) center-to-center, 
in a 14 x 14 matrix, three rows around. 



A wide variety of available sockets allow low inser- 
tion force or zero insertion^ force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Table 6-2. 
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6.4 PACKAGE THERMAL 
SPECIFICATION 

The 386 Microprocessor is specified for operation 
when case temperature is within the range of 0°C- 
85°C. The case temperature may be measured 



in any environment, to determine whether the 386 
Microprocessor is within specified operating range. 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 6-4. 



. MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 




132 -PIN PGA 



Figure 6-4. Measuring 386TM Microprocessor PGA Case Temperature 
Table 6-2. Several Socket Options for 132-Pin PGA 



* Low insertion force (LIF) soldertail 
55274-1 

* Amp tests indicate 50% reduction in insertion 
force compared to machined sockets 

Other socket options 

* Zero insertion force (ZIF) soldertail 
55583-1 

* Zero insertion force (ZIF) Burn-in version 
55573-2 

Amp Incorporated 

(Harrisburg, PA 17105 U.S.A. 
Phone 717-564-0100) 




231630-45 
Cam handle locks in low profile position when substrate is installed (handle UP for 
open and DOWN for closed positions) 

courtesy Amp Incorporated 
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Table 6-2. Several Socket Options for 132-Pin PGA (Continued) 



Peel-A-WayTM Mylar and Kapton 
Socket Terminal Carriers 

* Low insertion force surface 
mount CS132-37TG 

* Low insertion force soldertail 
CS1 32-01 TG 

* Low insertion force wire-wrap 
CS132-02TG (two level) 
CS132-03TG (three-level) 

* Low insertion force press-fit 
CS132-05TG 

Advanced Interconnections 

(5 Division Street 
Warwick, Rl 02818 U.S.A. 
Phone 401-885-0485) 



Peel-A-Way Carrier No. 132: 
Kapton Carrier is KS132 
Mylar Carrier is MS1 32 

Molded Plastic Body KS132 
is shown below: 



FOOT PRINT NO. 132 




HK100TYP 
14 x 14 x 3 ROWS 



231630-46 



SOLDER TAIL -01 




WIRE WRAP -02/-03 



114 -02 
JM 2 LEVEL 
1170 .43 
•MO 3 LEVEL 



LOW PROFILE -04 



T. 




u 



SOLDER TAIL -33 




PRESS FIT -05 




SURFACE MOUNTING -37 




courtesy Advanced Interconnections 

(Peel-A-Way Terminal Carriers 

U.S. Patent No. 4442938) 



* Low insertion force socket soldertail 
(for production use) 
2XX-6576-00-3308 (new style) 
2XX-6003-00-3302 (older style) 

* Zero insertion force soldertail 
(for test and burn-in use) 
2XX-6568-00-3302 

Textool Products 

Electronic Products Division/3M 

(1410 West Pioneer Drive 
Irving, Texas 75601 LLS.A. 
Phone 214-259-2676) 




ir_..|_.._w 



courtesy Textool Products/3M 
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Table 6-3. 386TM Microprocessor PGA Package Thermal Characteristics 



Thermal Resistance — °C/Watt 


Parameter 


Airflow — ft./min (m/sec) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


6 Junction-to-Case 
(case measured 
as Fig. 6-4) 


2 


2 


2 


2 


2 


2 


2 


$ Case-to-Ambient 
(noheatsink) 


19 


18 


17 


15 


12 


10 


9 


6 Case-to-Ambient 
(with omnidirectional 
heatsink) 


16 


15 


14 


12 


9 


7 


6 


Case-to-Ambient 
(with unidirectional 
heatsink) 


15 


14 


13 


11 


8 


6 


5 



NOTES: 

1. Table 6-3 applies to 386TM CPU PGA 
plugged into socket or soldered directly 
into board. 
2- 0ja = 0jc + 0CA- 



3. 0J-CAP = 4°C/w (approx.) 
0J-PIN - 4°C/w (inner pins) (approx.) 
0J-PIN = 8°C/w (outer pins) (approx.) 



"J pin ^-s. »Jc 

f I ihhx 
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7. ELECTRICAL DATA 



7.1 INTRODUCTION 

The following sections describe recommended elec- 
trical connections for the 386 Microprocessor, and 
its electrical specifications. 



7.2 POWER AND GROUNDING 



7.2.1 Power Connections 

The 386 Microprocessor is implemented in CHMOS 
III and CHMOS IV technology and has modest pow- 
er requirements. However, its high clock frequency 
and 72 output buffers (address, data, control, and 
HLDA) can cause power surges as multiple output 
buffers drive new signal levels simultaneously. For 
clean on-chip power distribution at high frequency, 
20 Vcc and 21 Vss pins separately feed functional 
units of the 386 Microprocessor. 

Power and ground connections must be made to all 
external Vcc and GND pins of the 386 Microproces- 
sor. On the circuit board, all Vcc P j ns must be con- 
nected on a Vcc plane. All Vss P'ns must be like- 
wise connected on a GND plane. 



7.2.2 Power Decoupling 
Recommendations 

Liberal decoupling capacitance should be placed 
near the 386 Microprocessor. The 386 Microproces- 
sor driving its 32-bit parallel address and data buses 
at high frequencies can cause transient power 
surges, particularly when driving large capacitive 
loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
circuit board traces between the 386 Micropro- 



cessor and decoupling capacitors as much as possi- 
ble. Capacitors specifically for PGA packages are 
also commercially available, for the lowest possible 
inductance. 



7.2.3 Resistor Recommendations 

The ERROR # and BUSY# inputs have resistor pull- 
ups of approximately 20 KH built-in to the 386 Micro- 
processor to keep these signals negated when nei- 
ther 80287 or 80387 are present in the system (or 
temporarily removed from its socket). The BS16# 
input also has an internal pullup resistor of approxi- 
mately 20 Kft, and the PEREQ input has an internal 
pulldown resistor of approximately 20 Kft. 

In typical designs, the external pullup resistors 
shown in Table 7-1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pullup resistors in other ways. 



7.2.4 Other Connection 
Recommendations 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. N.C. pins should 
always remain unconnected. 

Particularly when not using interrupts or bus hold, 
(as when first prototyping, perhaps) prevent any 
chance of spurious activity by connecting these as- 
sociated inputs to GND: 

Pin Signal 

B7 INTR 

B8 NMI 

D14 HOLD 

If not using address pipelining, pullup D13 NA# to 
Vcc- 

If not using 16-bit bus size, pullup C14 BS16# to 
Vcc- 



Pullups in the range of 20 Kft are recommended. 
Table 7-1. Recommended Resistor Pullups to Vcc 



Pin and Signal 


Pullup Value 


Purpose 


E14 ADS# 


20 Kft ±10% 


Lightly Pull ADS# Negated 
During 386 t m Microprocessor 
Hold Acknowledge States 


C10 LOCK# 


20 Kft ±10% 


Lightly Pull LOCK# Negated 
During 386tm Microprocessor 
Hold Acknowledge States 
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7.3 MAXIMUM RATINGS 

Table 7-2. Maximum Ratings 





386TM CPU 


Parameter 


16,20,25 MHz 




Maximum Rating 


Storage Temperature 


-65°Cto+150°C 


Case Temperature Under Bias 


-65°Cto+110°C 


Supply Voltage with Respect to Vss 


- 0.5V to + 6.5V 


Voltage on Other Pins 


~0.5VtoV C c + 0.5V 



Table 7-2 is a stress rating only, and functional oper- 
ation at the maximums is not guaranteed. Functional 
operating conditions are given in 7.4 D.C. Specifica- 
tions and 7.5 A.C. Specifications. 

Extended exposure to the Maximum Ratings may af- 
fect device reliability. Furthermore, although the 386 
Microprocessor contains protective circuitry to resist 
damage from static electric discharge, always take 
precautions to avoid high static voltages or electric 
fields. 



7.4 D.C. SPECIFICATIONS 

Functional Operating Range: Vcc = 5V ±5%; Tcase = 0°C to 85°C 

Table 7-3. 386TM Microprocessor D.C. Characteristics 



Symbol 


Parameter 


386TM CPU 

16 MHz, 20 MHz, 

25 MHz 


Unit 


Test 
Conditions 


Min 


Max 


V,L 


Input Low Voltage 


-0.3 


0.8 


V 


(Note 1) 


V| H 


Input High Voltage 


2.0 


V C c + 0.3 


V 




V|LC 


CLK2 Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V IHC 


CLK2 Input High Voltage 
16 MHz and 20 MHz 
25 MHz 


V C c -0.8 
3.7 


Vcc + 0.3 
Vcc + 0.3 


V 
V 




Vol 


Output Low Voltage 
Iol = 4 mA: A2-A31, D0-D31 
Iol = 5 mA: BE0#-BE3#, W/R#, 
D/C#, M/IO#, LOCK#, ADS#, HLDA 




0.45 
0.45 


V 
V 




V H 


Output High Voltage 
l H = 1 mA: A2-A31, D0-D31 
Ioh = 0.9mA:BE0#-BE3#,W/R#, 
D/C#, M/IO#, LOCK#, ADS#, HLDA 


2.4 
2.4 




V 
V 




Ili 


Input Leakage Current 

(For All Pins except BS16#, PEREQ, 

BUSY#,andERROR#) 




±15 


jutA 


0V<;V, N £V C c 


l|H 


Input Leakage Current 
(PEREQ Pin) 




200 


julA 


V| H = 2.4V (Note 2) 


IlL 


Input Leakage Current 

(BS16#, BUSY#, and ERROR# Pins) 




-400 


|u,A 


V| L = 0.45 (Note 3) 


Ilo 


Output Leakage Current 




±15 


julA 


0.45V £ V UT ^ V CC 


•cc 


Supply Current 
CLK2 = 32 MHz: with 1 6 MHz 386TM CPU 
CLK2 = 40 MHz: with 20 MHz 386TM CPU 
CLK2 = 50 MHz: with 25 MHz 386TM CPU 




450 
500 
550 


mA 
mA 
mA 


tec T yP- = 370 mA 
Ice Typ. = 460 mA 
Ice Typ. = 580 mA 


C|N 


Output Capacitance 




10 


PF 


F c = 1 MHz (Note 4) 


GOUT 


Output or I/O Capacitance 




12 


PF 


F c = 1 MHz (Note 4) 


CcLK 


CLK2 Capacitance 




20 


PF 


F C = 1 MHz (Note 4) 



NOTES: 

1. The min value, -0.3, is not 100% tested. 

2. PEREQ input has an internal pulldown resistor. 

3. BS16#, BUSY# and ERROR # inputs each have an internal pullup resistor. 

4. Not 100% tested. 
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7.5 A.C. SPECIFICATIONS 



7.5.1 A.C. Spec Definitions 

The A.C. specifications, given in Tables 7-4, 7-5, and 
7-6, consist of output delays, input setup require- 
ments and input hold requirements. All A.C. specifi- 
cations are relative to the CLK2 rising edge crossing 
the 2.0V level. 

A.C. spec measurement is defined by Figure 7-1 . In- 
puts must be driven to the voltage levels indicated 
by Figure 7-1 when A.C. specifications are mea- 
sured. 386 Microprocessor output delays are speci- 
fied with minimum and maximum limits, measured as 
shown. The minimum 386 Microprocessor delay 



times are hold times provided to external circuitry. 
386 Microprocessor input setup and hold times are 
specified as minimums, defining the smallest ac- 
ceptable sampling window. Within the sampling win- 
dow, a synchronous input signal must be stable for 
correct 386 Microprocessor operation. 

Outputs NA#, W/R#, D/C#, M/IO#, LOCK#, 
BE0#-BE3#, A2-A31 and HLDA only change at 
the beginning of phase one. D0-D31 (write cycles) 
only change at the beginning of phase two. The 
READY#, HOLD, BUSY#, ERROR#, PEREQ and 
D0-D31 (read cycles) inputs are sampled at the be- 
ginning of phase one. The NA#, BS16#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 



[/ 



OUTPUTS 

(A2-A31 , D/C#, BE0#-BE3#, 

ADS#, M/I0#, W/R#, L0CK#, HLDA) 



-®" 



"V 



OUTPUTS 
(D0-D31 



INPUTS _ 
(NA#,BS16#, 
INTR, NMI) L 

INPUTS _ 
(READY#, HOLD, BUSY#, 
ERROR#, PEREQ, DO- D3 1 ) L 






J r > 



\. 



s> 



5V VALID OUTPUT n+1 



VALID OUTPUT 



?Sb 



5V VALID OUTPUT n+1 




LEGEND: 

<g)- MAXIMUM OUTPUT DELAY SPEC. 
(D- MINIMUM OUTPUT DELAY SPEC. 
©-MINIMUM INPUT SETUP SPEC. 
©-MINIMUM INPUT HOLD SPEC. 



NOTES: 

1 . Input waveforms have tr <> 2.0 ns from 0.8V to 2.0V. 

2. See section 7.5.6 for typical output rise time versus load capacitance. 



231630-37 



Figure 7-1. Drive Levels and Measurement Points for A.C. Specifications 
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7.5.2 A.G. Specif ication Tables 

Functional Operating Range: V<x = 5V ±5%; 



TCASE = 0°Cto + 85°C 
Table 7-4. 25 MHz 386™ Microprocessor A.C. Characteristics 
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7.5.2 A.C. Specification Tables (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tqase = 0°C to + 85°C 



Table 7-4. 25 MHz 386tm Microprocessor A.C. Characteristics (Continued) 




NOTES: 



Timing Specifications marked with a "*" are tested to guarantee reliable operation with the 25 MHz 82385 (See Note 4 for 
more information). 

1. Float condition occurs when maximum output current becomes less than l|_o in magnitude. Float delay is not 100% 
tested. 

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 

3. Symbol Parameter Min 
T c = 0°C t30 PEREQ, ERROR#, BUSY# Hold Time 4 
T C =+85°C t30 PEREQ, ERROR#,BUSY# Hold Time 5 

4. The following 386tm Microprocessor timing values are guaranteed for 82385 operation: 
t6 = (2CLK2 - t13B - LOGIC - CL), (2CLK2 - t7a - CL) 

t8a = (2CLK2 - t7B - CL) 

t10 = (2CLK2 - t9B - CL) 

t12min = (CLK2 - PD - t25C), (CLK2 - CD - t43B) 

t19 = (2CLK2 - t18 - LOGIC) 

t21 = (2CLK2 - t25A - OE - PD), (2CLK2 - t25B - OE - PD) 

CLK2 = 20 ns (period of 386TM CPU CLK2 input at 25 MHz) 

LOGIC = 10 ns (D-PAL) 

CL = 2 ns (Capacitive load derating for an 386tm Microprocessor output) 

CE = 9 ns (Output enable/disable time for an AS245) 

PD = 5.5 ns (Propagation delay for an AS08 gate) 

OD = 10 ns (Output disable for an AS646) 

82385 Parameters: 

t7a = A2-A31, BE0#-BE3# Setup Time 

t7b = LOCK # Setup Time 

t9B = APS#, W/R# Setup Time 

t13B = LBA# Setup Time 

t18 = READYQ# Valid Delay 

t25A = COEA#, COEB# Valid Delay 

t25B = COEA#, COEB# Valid Delay 

t25C = COEA#, COEB# Rising Delay 

t43B = DOE # Rising Delay 
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7.5.2 A.C. Specif ication Tables (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tqase = 0°C to +85°C 

Table 7-5. 20 MHz 386tm Microprocessor A.C. Characteristics 



Symbol 


Parameter 


20 MHz 
386TMCPU 


Unit 


Ref. 
Fig. 


Notes 


Min 


Max 




Operating Frequency 


4 


20 


MHz 




HalfofCLK2 
Frequency 


ti 


CLK2 Period 


25 


125 


ns 


7-3 




fea 


CLK2 High Time 


8 




ns 


7-3 


aJ2V 


t 2b 


CLK2 High Time 


5 




ns 


7-3 


at (Vcc -0.8V) 


t3a 


CLK2 Low Time 


8 




ns 


7-3 


at2V 


*3b 


CLK2 Low Time 


6 




ns 


7-3 


at 0.8V 


U 


CLK2 Fall Time 




8 


ns 


7-3 


(V C c - 0-8V) to 0.8V 


t5 


CLK2 Rise Time 




8 


ns 


7-3 


0.8V to (V C c -0.8V) 


te 


A2-A31 Valid Delay 


4 


30 


ns 


7-5 


C L = 120 pF 


t? 


A2-A31 Float Delay 


4 


32 


ns 


7-6 


(Note!) 


t8 


BE0#-BE3#,LOCK# 
Valid Delay 


4 


30 


ns 


7-5 


C L = 75 pF 


V 


BE0#-BE3#,LOCK# 
Float Delay 


4 


32 


ns 


7-6 


(Notel) 


tio 


W/R#,M/IO#,D/C#, 
ADS# Valid Delay 


6 


28 


ns 


7-5 


C L =^ 75 pF 


til 


W/R#,M/IO#,D/C#, 
ADS# Float Delay 


6 


30 


ns 


7-6 


(Notel) 


tl2 


D0-D31 Write Data 
Valid Delay 


4 


38 


ns 


7-5 


C L =120pF 


tl3 


D0-D31 Float Delay 


4 


27 


ns 


7-6 


(Notel) 


tl4 


HLDA Valid Delay 


6 


28 


ns 


7-6 


C L = 75pF 


tl5 


NA# Setup Time 


9 




ns 


7-4 




tie 


NA# Hold Time 


14 




ns 


7-4 




tl7 


BS1 6 # Setup Time 


13 




ns 


7-4 




tl8 


BS16#HoldTime 


21 




ns 


7-4 




tl9 


READY# Setup Time 


12 




ns 


7-4 




*20 


READY# Hold Time 


4 




ns 


7-4 




t21 


D0-D31 Read 
Setup Time 


11 




ns 


7-4 




t 2 2 


D0-D31 Read 
Hold Time 


6 




ns 


7-4 




t23 


HOLD Setup Time 


17 




ns 


7-4 




t24 


HOLD Hold Time 


5 




ns 


7-4 




t 2 5 


RESET Setup Time 


12 




ns 


7-7 
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7.5.2 A.C. Specification Tables (Continued) 

Functional Operating Range: Vqc = 5V ±5%; Tqase = 0°C to + 85°C 

Table 7-5. 20 MHz 386tm Microprocessor A.C. Characteristics (Continued) 



Symbol 


Parameter 


20 MHz 
386TM CPU 


Unit 


Ref. 
Fig. 


Notes 


Min 


Max 


*26 


RESET Hold Time 


4 




ns 


7-7 




t27 


NMI.INTR Setup Time 


16 




ns 


7-4 


(Note 2) 


*28 


NMI, INTR Hold Time 


16 




ns 


7-4 


(Note 2) 


t29 


PEREQ, ERROR #, BUSY # 
Setup Time 


14 




ns 


7-4 


(Note 2) 


*30 


PEREQ, ERROR #, BUSY # 
Hold Time 


5 




ns 


7-4 


(Note 2) 



NOTES: 

1. Float condition occurs when maximum output current becomes less than Ilo in magnitude. Float delay is not 100% 
tested. 

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 

Table 7-6. 16 MHz 386tm Microprocessor A.C. Characteristics 



Symbol 


Parameter 


16 MHz 
386TM CPU 


Unit 


Ref. 
Fig. 


Notes 


Min 


Max 




Operating Frequency 


4 


16 


MHz 


— 


HalfofCLK2 
Frequency 


ti 


CLK2 Period 


31 


125 


ns 


7-3 




tea 


CLK2 High Time 


9 




ns 


7-3 


at2V 


teb 


CLK2 High Time 


5 




ns 


7-3 


at(V C c-0.8V) 


tea 


CLK2 Low Time 


9 




ns 


7-3 


at2V 


teb 


CLK2 Low Time 


7 




ns 


7-3 


at0.8V 


t 4 


CLK2 Fall Time 




8 


ns 


7-3 


(V C c " 0.8V) to 0.8V 


te 


CLK2 Rise Time 




8 


ns 


7-3 


0.8V to (V C c- 0.8V) 


te 


A2-A31 Valid Delay 


4 


36 


ns 


7-5 


C L = 120 pF 


t 7 


A2-A31 Float Delay 


4 


40 


ns 


7-6 


(Note 1) 


te 


BE0#-BE3#,LOCK# 
Valid Delay 


4 


36 


ns 


7-5 


C L = 75 pF 


te 


BE0#-BE3#,LOCK# 
Float Delay 


4 


40 


ns 


7-6 


(Notel) 


tio 


W/R#,M/IO#,D/C#, 
ADS# Valid Delay 


6 


33 


ns 


7-5 


C L = 75 pF 


tn 


W/R#,M/IO#,D/C#, 
ADS# Float Delay 


6 


35 


ns 


7-6 


(Notel) 


tl2 


D0-D31 Write Data 
Valid Delay 


4 


48 


ns 


7-5 


C L = 120 pF 
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7.5.2 A.C. Specification Tables (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tqase = 0°C to +85°C 





Table 7-6. 16 MHz 386TM Microprocessor A.Q. Characteristics (Continued) 


Symbol 


Parameter 


16 MHz 
386TM CPU 


Unit 


Ref. 
Fig. 


Notes 


Min 


Max 


tl3 


D0-D31 Float Delay 


4 


35 


ns 


7-6 


(Notel) 


tl4 


HLDA Valid Delay 


6 


33 


ns 


7-6 


C L = 75 pF 


tl5 


NA# Setup Time 


11 




ns 


7-4 




tie 


NA# Hold Time 


14 




ns 


7-4 




tl7 


BS1 6 # Setup Time 


13 




ns 


7-4 




tie 


BS16# Hold Time 


21 




ns 


7-4 




tl9 


READY# Setup Time 


21 




ns 


7-4 




*20 


READY# Hold Time 


4 




ns 


7-4 




t21 


D0-D31 Read 
Setup Time 


11 




ns 


7-4 




t 2 2 


D0-D31Read 
Hold Time 


6 




ns 


7-4 




*23 


HOLD Setup Time 


26 




ns 


7-4 




t 24 


HOLD Hold Time 


5 




ns 


7-4 


■ V, 


t25 


RESET Setup Time 


13 




ns 


7-7 




t26 


RESET Hold Time 


4 




ns 


7-7 




t 27 


NMI.I.NTR Setup Time 


16 




ns 


7-4 


(Note 2) 


*28 


NMI, INTR Hold Time 


16 




ns 


7-4 


(Note 2) 


t29 


PEREQ l ERROR#,BUSY# 
Setup Time 


16 




ns 


7-4 


(Note 2) 


*30 


PEREQ, ERROR #, BUSY # 
Hold Time 


5 




ns 


7-4 


(Note 2) 



NOTES: 

1. Float condition occurs when maximum output current becomes less than l|_o i n magnitude. Float delay is not 100% 
tested. 

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
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7.5.3 A.C. Test Loads 




386™ CPU n 


OUTPUT v— 


± c 
T 




231630-38 


C L = 120 pF on A2-A31, D0-D31 
C L = 75 pF on BE0#-BE3#, W/R# 
LOCK#, HLDA 
C|_ includes all parasitic capacitances. 


, M/IO#, D/C#, ADS#, 



7.5.4 A.C. Timing Waveforms 




Figure 7-2. A.C. Test Load 



Figure 7-3. CLK2 Timing 



CLK2 



READY# [ ^ 



D0-D31 
(INPUT) 



s™ 



BS1 




231630-40 



Figure 7-4. Input Setup and Hold Timing 
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CLK2 

BE0#-BE3#, r 

LOCK# L 

W/R#,M/IO#, r 

D/C#,ADS# L 

A2-A31 [ 

HLDA f 



*2 



Tx 



*1 



IMIN 



VALID n 



®- 




*2 



MAX 



*1 



VALID n+1 



VALID r 



a> 



MIN U 



MAX 



VALID n+1 



VALID t 



I MIN k 



MAX 



VALID n+1 
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CLK2 



Figure 7-5. Output Valid Delay Timing 




w/r#t / 



12> 



mln. 



D0-D31 
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Figure 7-5a. Write Data Valid Delay Timing 




D0-D31 



Figure 7-5b. Write Data Hold Timing 
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7.5.5 Typical Output Valid Delay Versus Load Capacitance at Maximum Operating 
Temperature 
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NOTE: 

This graph will not be linear outside of the C|_ range shown. 







7.5.6 Typical Output Rise Time Versus Load Capacitance at Maximum Operating 
Temperature 
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This graph will not be linear outside of the C|_ range shown. 
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CLK2 [~ j 
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Figure 7-6. Output Float Delay and HLDA Valid Delay Timing 



CLK2 



RESET 



-RESET 

02 OR 01 



<§H 



- INITIALIZATION SEQUENCE - 



02 OR 01 



02 



01 



The second internal processor phase following RESET high-to-low transition (provided t25 and t26 are met) is <f>2. 



231630-43 



Figure 7-7. RESET Setup and Hold Timing, and Internal Phase 
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7.6 DESIGNING FOR ICETM-386 USE 

The 386 Microprocessor in-circuit emulator product 
is ICE-386. Because of the high operating frequency 
of 386 Microprocessor systems and ICE-386, there 
is no cable separating the ICE-386 probe module 
from the target system. The ICE-386 probe module 
has several electrical and mechanical characteris- 
tics that should be taken into consideration when 
designing the hardware. 

Capacitive loading: ICE-386 adds up to 25 pF to 
each line. 

Drive requirement: ICE-386 adds one standard 
TTL load on the CLK2 line, up to one advanced low- 
power Schottky TTL load per control signal line, and 
one advanced low-power Schottky TTL load per ad- 
dress, byte enable, and data line. These loads are 
within the probe module and are driven by the 
probe's 386 Microprocessor, which has standard 
drive and loading capability listed in Tables 7-3 and 
7-4. 

Power requirement: For noise immunity the ICE- 
386 probe is powered by the user system. The high- 
speed probe circuitry draws up to 0.7A plus the max- 
imum 386 Microprocessor Ice from the user 386 Mi- 
croprocessor socket. 

386 Microprocessor location and orientation: 

The ICE-386 Processor Module (PM), and the Op- 
tional Isolation Board (OIB) used for extra electrical 



buffering of the ICE initially, require clearance as il- 
lustrated in Figures 7-8 and 7-9, respectively. Fig- 
ures 7-8 and 7-3 also illustrate the via holes in these 
modules for recommended orientation of a screw- 
actuated ZIF socket. Figure 7-10 illustrates the rec- 
ommended orientation for a lever-actuated ZIF 
socket. 

READY # drive: The ICE-386 system may be able 
to clear a user system READY # hang if the user's 
READY # driver is implemented with an open-collec- 
tor or tri-state device. 

Optional Interface Board (OIB) and CLK2 speed 
reduction: When the ICE-386 processor probe is 
first attached to an unverified user system, the OIB 
helps ICE-386 function in user systems with bus 
faults (shorted signals, etc.). After electrical verifica- 
tion it may be removed. Only when the OIB is in- 
stalled, the user system must have a reduced CLK2 
frequency of 16 MHz maximum. 

Cache coherence: ICE-386 loads user memory by 
performing 386 Microprocessor write cycles. Note 
that if the user system is not designed to update or 
invalidate its cache (if it has a cache) upon proces- 
sor writes to memory, the cache could contain stale 
instruction code and/or data. For best use of ICE- 
386, the user should consider designing the cache 
(if any) to update itself automatically when processor 
writes occur, or find another method of maintaining 
cache data coherence with main user memory. 
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Figure 7-8. ICEtm-386 Processor Module Clearance Requirements (inches) 

4-107 



iny 



386™ MICROPROCESSOR 



■♦-. 

.68REF 

if r — *- 



n 



.150- 



- 5.100 • 



T -J 



PIN1 



o o 



± 



o o o 



O Q 




.150 -* 
.80 



je: 



,200 



2.360 



-0.188 
2 PL 



231630-76 



Figure 7-9. ICEtm-386 Optional Interface Module Clearance Requirements (inches) 
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Figure 7-10. Recommended Orientation of Lever-Actuated ZIF Socket for ICEtm-386 Use 
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8. INSTRUCTION SET 

This section describes the 386 Microprocessor in- 
struction set. A table lists all instructions along with 
instruction encoding diagrams and clock counts. 
Further details of the instruction encoding are then 
provided in the following sections, which completely 
describe the encoding structure and the definition of 
all fields occurring within 386 Microprocessor in- 
structions. 



8.1 386TM MICROPROCESSOR 

INSTRUCTION ENCODING AND 
CLOCK COUNT SUMMARY 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8-1 
below, by the processor clock period (e.g. 62.5 ns 
for a 16 MHz 386 Microprocessor, 50 ns for a 20 
MHz 386 Microprocessor and 40 ns for a 25 MHz 
386 Microprocessor). 

For more detailed information on the encodings of 
instructions refer to section 8.2 Instruction Encod- 
ings. Section 8.2 explains the general structure of 
instruction encodings, and defines exactly the en- 
codings of all fields contained within the instruction. 



Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex- 
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

Instruction Clbck Count Notation 

1 . If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a mem- 
ory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme- 
diate data (if any) counts as one component, and 
each of the other bytes of the instruction and pre- 
fixes) each count as one component. 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary 



INSTRUCTION 


FORMAT 






CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


GENERAL DATA TRANSFER 
MOV = Move: 

Register to Register/Memory 

Register/Memory to Register 

Immediate to Register/Memory 

immediate to Register (short form) 

Memory to Accumulator (short form) 

Accumulator to Memory (short form) 

Register Memory to Segment Register 

Segment Register to Register/Memory 

MOVSX = Move With Sign Extension 

Register From Register/Memory 

MOVZX = Move With Zero Extension 

Register From Register/Memory 
PUSH = Push: 

Register/Memory . 

Register (short form) 

Segment Register (ES, CS, SS or DS) 

Segment Register (FS or GS) 

Immediate ' 
PUSHA = Push All 
POP = Pop 

Register/Memory 

Register (short form) 

Segment Register (ES, SS or OS) 

Segment Register (FS or GS) 

POPA = Pop All 
XCH6 = Exchange 

Register/Memory With Register 

Register With Accumulator (short form) 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Variable Port 

LEA = Load EA to Register 






immediate data 


2/2 
2/4 
2/2 

2 

4 

2 
2/5 
2/2 

3/6 

3/6 

5 
2 
2 
2 
2 
18 

5 
4 
7 
7 
24 

3/5 
3 

12 
13 

10 
11 
2 


2/2 
2/4 
2/2 

2 

4 

2 
18/19 
2/2 

3/6 

3/6 

5 
2 
2 
2 
2 
18 

5 
4 
21 
21 
24 

3/5 
3 

6V26** 
7V27** 

4V24** 

5V25** 

2 


b 
b 
b 

b 
b 
b 
b 

b 

b 

b 
b 
b 
b 
b 
b 

b 
b 
b 
b 
b 

b,f 


h 
h 
h 

h 

h 

h,i,j 

h 

h 

h 

h 
h 
h 
h 
h 
h 

h 

h 
h.i.j 
h,i,j 

h 

f.h 

m 
m 

m 
m 


1000100W 


mod reg r/m 






1000101 w 


mod reg r/m 






1 10001 1 W 


mod r/m 




immediate data 
full displacement 
full displacement 


1 1 1 w reg 




1010000W 




1010001 w 




10001 1 10 


mod sreg3 r/m 






10 0110 


mod sreg3 r/m 






00001 1 1 1 


101 1 1 1 1 w 


mod reg r/m | 






00001111 


101 1 01 1 w 


mod reg r/m | 






Clk Count 

Virtual 
8086 Mode 


11111111 


mod 110 r/m 






01010 reg 




sreg2 1 1 




00001 1 1 1 


1 sreg3 




immediate data 


01 1010s0 




01 100000 




10001 1 11 


mod r/m 






01011 reg 




sreg 2111 




00001 1 1 1 


1 sreg 3 1 






01 100001 




100001 1 w 


mod reg r/m 






10 010 reg 




1 1 10010W 


port number 


t26 
t27 

124 

t25 


1 1 1 1 1 w 






1 1 1001 1 w 


port number 






1 1 101 1 1 w 






10001 101 


mod reg r/m 



* If CPL <; IOPL 



If CPL > IOPL 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 


FORMAT 




CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


SEGMENT CONTROL 

LDS= Load Pointer to DS 

LES = Load Pointer to ES 

LFS = Load Pointer to FS 

LGS = Load Pointer to GS 

LSS = Load Pointer to SS 

FLAG CONTROL 

CLC = Clear Carry Flag 

CLD = Clear Direction Flag 

CLI = Clear Interrupt Enable Flag 

CLTS = Clear Task Switched Flag 

CMC = Complement Carry Flag 

LAHF = Load AH into Flag 

POPF = Pop Flags 

PUSHF = Push Flags 

SAHF = Store AH into Flags 

STC = Set Carry Flag 

STD = Set Direction Flag 

STI = Set Interrupt Enable Flag 

ARITHMETIC 
ADD = Add 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/ Memory 

Immediate to Accumulator (short form) 

ADC = Add With Carry 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

Immediate to Accumulator (short form) 

INC = Increment 
Register/ Memory 

Register (short form) 

SUB = Subtract 

Register from Register 






7 
7 
7 
7 
7 

2 
2 
8 
6 
2 
2 
5 
4 
3 
2 
2 
8 

2 
7 
6 
2/7 
2 

2 
7 
6 
2/7 
2 

2/6 
2 

2 


22 
22 
25 
25 
22 

2 
2 
8 
6 
2 
2 
5 
4 
3 
2 
2 
8 

2 
7 
6 
2/7 
2 

2 
7 
6 
2/7 
2 

2/6 
2 

2 


b 
b 
b 
b 
b 

c 

b 
b 

b 
b 
b 

b 
b 
b 

b 


h, i,j 
h.i.j 
h, i, j 
h, i, j 
h.i.j 

m 

I 

h,n 
h 

m 

h 
rp 
h 

h 
h 
h 

h 


1 1000101 


mod reg r/m | 






1 1000100 


mod reg r/m J 






00001 1 1 1 


1011010 I mod reg r/m | 






00001 1 1 1 


1011010 1 I mod reg r/m | 






00001 1 1 1 


10110 010 | mod reg r/m | 






1111 1000 




11111100 




11111010 




01111 


000001 1 | 






11110101 




1001 1111 




1001 1 1 01 




1 001 1 1 00 


1001 1 1 10 




11111001 




11111101 




11111011 




OOOOOOdw 


mod reg r/m | 






0000000W 


mod reg r/m | 






0000001 w 


mod reg r/m | 






1 OOOOOsw 


mod r/m | immediate data 




immediate data 


0000010W 




000100dw 


mod reg r/m | 






0001 OOOw 


mod reg r/m | 






0001001 w 


mod reg r/m | 






1 OOOOOsw 


mod 1 r/m | immediate data 




immediate data 


0001 01 Ow 




1 1 1 1 1 1 1 w 


mod r/m | 






010 reg 




001010dw 


mod reg r/m | 
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Table 8-1. 38$™ Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 






CLOCK COUNT 


NOTES 


FORMAT 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 

Register from Memory 

Memory from Register 

Immediate from Register/Memory 

Immediate from Accumulator (short form) 

SBB = Subtract with Borrow 

Register from Register 

Register from Memory 

Memory from Register 

Immediate from Register/Memory 

Immediate from Accumulator (short form) 

DEC - Decrement 

Register/Memory 

Register (short form) 

CMP = Compare 

Register with Register 

Memory with Register 

Register with Memory 

Immediate with Register/Memory 

Immediate with Accumulator (short form) 

NEG = Change Sign 

AAA = ASCII Adjust for Add 

AAS - ASCII Adjust for Subtract 

DAA - Decimal Adjust for Add 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (unsigned) 

Accumulator with Register/ Memory 
Multiplier-Byte 
-Word 
-Ooubleword 

IMUL = Integer Multiply (signed) 

Accumulator with Register/Memory 
Multiplier-Byte 
-Word 
-Doubleword 

Register with Register/Memory 
Multiplier-Byte 
-Word 
-Doubleword 

Register/Memory with Immediate to Register 

-Word 
-Doubleword 




7 
6 
2/7 
2 

2 
7 
6 
2/7 
2 

2/6 
2 

2 

5 

6 
2/5 

2 
2/6 

4 

4 

4 

4 

12-17/15-20 
12-25/15-28 
12-41/15-44 

12-17/15-20 
12-25/15-28 
12-41/15-44 

12-17/15-20 
12-25/15-28 
12-41/15-44 

13-26/14-27 
13-42/14-43 


7 

6 

2/7 

2 

2 
7 
6 
2/7 
2 

2/6 
2 

2 

5 

6 
2/5 

2 
2/6 

4 

4 

4 

4 

12-17/15-20 
12-25/15-28 
12-41/15-44 

12-17/15-20 
12-25/15-28 
12-41/15-44 

12-17/15-20 
12-25/15-28 
12-41/15-44 

13-26/14-27 
13-42/14-43 


b 
b 
b 

b 
b 
b 

b 

b 
b 
b 

b 

b,d 
b,d 
b,d 

b,d 
b,d 
b,d 

b,d 
b,d 
b,d 

b,d 
b,d 


h 
h 
h 

h 
h 
h 

h 

h 
h 
h 

h 

d,h 
d,h 
d,h 

d,h 
d,h 
d,h 

d,h 
d,h 
d,h 

d,h 
d,h 


I 1 1 w |mod reg r/mj 


|0 1 1 1 w 


mod reg r/m| 


| 100000SW 


mod 101 r/m| immediate data 


| 00101 10w 


immediate data 




I 0001 10dw 


mod reg r/mj 


| 0001 100w 


mod reg r/m| 


| 0001 101w 


mod reg r/m| 


| 100000SW 


mod 1 1 r/mj immediate data 


| 0001 1 10w 


immediate data 




| 1 1 1 1 1 1 1 w 


reg001 r/m| 


|o 1 00 1 reg 








| 001 1 10dw 


mod reg r/m| 


| 001 1 100w 


mod reg r/mj 


| 001 1 101w 


mod reg r/m| 


| 100000SW 


mod 1 1 1 r/mj immediate data 


| 1 1 1 1 w 


immediate data 


| 1 11 101 1 w 


mod 1 1 r/mj 


| 001 10111 




I 001 11111 


| 001001 1 1 


| 00101 1 1 1 






| 1 1 1 101 1w |mod100 r/m| 


| 1 1 1 1 1 1 w |mod 1 1 r/m| 


| 00001111 | 10101111 |mod reg r/m| 


J 1 1 1 s 1 I mod reg r/m| immediate data 
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Table 8-1. 386TM Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 


FORMAT 




CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register/Memory 

Divisor— Byte 
—Word 
— Doubleword 

IDIV = Integer Divide (Signed) 

Accumulator By Register/Memory 

Divisor— Byte 
—Word 
—Doubleword 

AAD = ASCII Adjust for Divide 

AAM = ASCII Adjust for Multiply 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 

LOGIC 

Shift Rotate Instructions 

Not Through Carry (ROL, ROR, SAL, SAF 

Register/Memory by 1 
Register/ Memory by CL 
Register/ Memory by Immediate Count 
Through Carry (RCL and RCR) 
Register/Memory by 1 
Register/Memory by CL 
Register/ Memory by Immediate Count 

SHLD = Shift Left Double 

Register/Memory by Immediate 

Register/Memory by CL 

SHRD = Shift Right Double 

Register/Memory by Immediate 

Register/Memory by CL 

AND = And 

Register to Register 






14/17 
22/25 
38/41 

19/22 
27/30 
43/46 

19 

17 

3 

2 

3/7 
3/7 
3/7 

9/10 
9/10 
9/10 

3/7 
3/7 

3/7 
3/7 

2 


14/17 
22/25 
38/41 

19/22 
27/30 
43/46 

19 

17 

3 

2 

3/7 
3/7 
3/7 

9/10 
9/10 
9/10 

3/7 
3/7 

3/7 
3/7 

2 


b,e 
b,e 
b,e 

b,e 
b,e 
b,e 

b 
b 
b 

b 
b 
b 


e,h 
e,h 
e,h 

e,h 
e,h 
e,h 

h 
h 
h 

h 
h 
h 


| 1 1 1 1 01 1 w 


|mod 1 1 r/m| 


| 1 1 1 101 1 w 


[mod 1 1 1 r/m| 


| 11010101 


| 0000101 | 


| 1 1010100 


| 00001010 | 

I 
I 


| 1001 1000 


| 1001 1001 
l,SHL,andSHR) 


| 1 101000W 


ImodTTT r/m| 


| 1 101001W 


ImodTTT r/m| 


| 1 100000W 


ImodTTT r/m|immed 8-bit data 


| 1 101000W 


ImodTTT r/m| 


| 1 101001W 


ImodTTT r/m| 


| 1 100000 w 
TTT 
000 
001 
010 
01 1 
100 
101 

1 1 1 


ImodTTT r/m|immed 8-bit data 

Instruction 

ROL 

ROR 

RCL 

RCR 

SHL/SAL 

SHR 

SAR 


\ 00001 1 1 1 


I 1010 010 I mod reg r/m|immed 8-bit data 






| 01111 


| 10100101 |modreg r/m| 






| 00001 1 1 1 


| 1010110 | mod reg r/m|immed 8-bit data 






I 00001 1 1 1 


| 10101101 |mod reg r/m| 






| 001000dw 


| mod reg r/mj 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 


FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


LOGIC (Continued) 
Register to Memory 
Memory to Register 
Immediate to Register/Memory 
Immediate to Accumulator (Short Form) 

TEST = And Function to Flags, No Result 

Register/Memory and Register 

Immediate Data and Register/Memory 

Immediate Data and Accumulator 
(Short Form) 

OR = Or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

Immediate to Accumulator (Short Form) 
XOR = Exclusive Or 
Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

Immediate to Accumulator (Short Form) 

NOT = invert Register/Memory 

STRING MANIPULATION 

CMPS = Compare Byte Word 

INS = Input Byte/Word from DX Port 

LODS = Load Byte/Word to AL/AX/EAX 

MOVS = Move Byte Word 

OUTS = Output Byte/Word to DX Port 

SCAS - Scan Byte Word 

STOS = Store Byte/Word from 
AL/AX/EX 

XLAT = Translate String 

REPEATED STRING MANIPULATION 

Repeated by Count in CX or ECX 

REPE CMPS = Compare String 

(Find Non-Match) 




7 
6 
2/7 
2 

2/5 
2/5 

2 

2 
7 
6 
2/7 
2 

2 
7 
6 
2/7 
2 

2/6 

10 
15 
5 
8 
14 
8 

5 
5 

5 + 9n 


7 
6 
2/7 
2 

2/5 
2/5 

2 

2 
7 
6 
2/7 
2 

2 
7 
6 
2/7 
2 

2/6 

10 
9V29** 

5 

8 
8V28** 

8 

5 
5 

5 + 9n 


b 
b 
b 

b 
b 

b 
b 
b 

b 
b 
b 

b 

b 
b 
b 
b 
b 
b 

b 
b 


h 
h 
h 

h 
h 

h 
h 
h 

h 
h 
h 

h 

h 
h, m 

h 

h 
h,m 

h 

h 
h 

h 


1 w I mod reg r/m J 




001 0001 w Imodreg r/m| 




1000000w J mod 1 r/m J immediate data 




1 1 w I immediate data 




1 00001 Ow Imodreg r/m| 




1 1 1 1 1 1 w J mod r/m J immediate data 




1 1 1 w J immediate data 




0000 1 Odw J mod reg r/mj 




0001 00 w Imodreg r/m| 




1 1 w | mod reg r/m| 




1 w | mod 01 r/m| immediate data 




1 1 w | immediate data 




1 1 d w | mod reg r/m| 




001 1 000 w |modreg r/m| 




1 1 1 w | mod reg r/m| 




1 w | mod 110 r/m| immediate data 




1 1 1 w | immediate data 




1 1 1 101 1 w |mod010 r/m| 


Clk 
Count 
Virtual 


ioioonwr mast 




01 101 10w | | t29 




10101 10w I 




1010010w | 




01 1 01 1 1 w | | t28 




1 1 1 1 1 w | 




1010101 w | 




1 10101 1 1 J 




1 1 1 1001 1 | 101001 1 w | 



If CPL <; IOPL 



' If CPL > IOPL 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 


FORMAT 




CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


REPEATED STRING MANIPULATE 
REPNECMPS = Compare String 

(Find Match) 

REP INS = Input String 
REP LODS = Load String 
REP MOVS = Move String 
REP OUTS = Output String 
REPESCAS = Scan String 
(Find Non-AL/AX/EAX) 

REPNESCAS = Scan String 

(FindAL/AX/EAX) 

REP STOS = Store String 
BIT MANIPULATION 
BSF = Scan Bit Forward 
BSR = Scan Bit Reverse 
BT = Test Bit 
Register/Memory, Immediate 

Register/Memory, Register 

BTC = Test Bit and Complement 

Register/Memory, Immediate 

Register/Memory, Register 

BTR = Test Bit and Reset 

Register/Memory, Immediate 
Register/Memory, Register 

BTS = Test Bit and Set 

Register/Memory, Immediate 

Register/Memory, Register 

CONTROL TRANSFER 
CALL = Call 

Direct Within Segment 

Register/Memory 

Indirect Within Segment 
Direct Intersegment 


N (Continued) 


Clk Count 

Virtual 
8086 Mode 


5 + 9n 
14+6n 
5 + 6n 

8 + 4n 
12+5n 

5 + 8n 

5 + 8n 
5 + 5n 

11+3n 

9 + 3n 

3/6 
3/12 

6/8 
6/13 

6/8 
6/13 

6/8 
6/13 

7 + m 

7 + m/ 

10 + m 

17 + m 


5 + 9n 
8 + 6n*/28 + 6n** 

5 + 6n 

8 + 4n 
6+5n*/26 + 5n** 

5 + 8n 

5 + 8n 
5 + 5n 

11+3n 
9+3n 

3/6 
3/12 

6/8 
6/13 

6/8 
6/13 

6/8 
6/13 

7 + m 

7 + m/ 
10 + m 

34 + m 


b 
b 
b 
b 
b 

b 

b 
b 

b 
b" 

b 
b 

b 
b 

b 
b 

b 
b 

b 

b 
b 


h 
h,m 

h 

h 
h, m 

h 

h 
h 

h 
h 

h 
h 

h 
h 

h 
h 

h 
h 

r 

h, r 
j,k,r 


1 1 1 10010 | 1 01001 1 w I 




1 1 1 10010 | 01 101 10w | 


| t28 + 6n 






111 10010 | 10101.10W | 




1 1 1 10010 | 1010010W | 




1 1 1 10010 I 01 1 01 1 1 w I 


| t26+5n 






1 1 1 1001 1 | 10101 1 1w | 




1 1 1 10010 I 10101 1 1 w | 


1 1 1 10010 | 1010101 w | 




00001 111 | 101 1 1 100 |modreg 


r/m| 


00001 1 1 1 | 101 1 1 101 Imodreg 


r/m| 




00001 1 1 1 I 101 1 1010 |mod100 


r/m|immed 8-bit data[ 


00001 1 1 1 | 1010001 1 |modreg 


r/m| 




00001111 | 10111010 |mod 1 1 1 


r/m|immed 8-bit daiaj 


00001111 I 10111011 Imodreg 


r/m| 




00001111 | 10111010 |mod 1 1 


r/m|immed 8-bit data| 


00001 111 I 10110011 |mod reg 


r/m| 




00001 1 1 1 | 1 01 1 101o]mod101 


r/m|immed 8-bit data| 


00001 111 Jl0101011 [mod reg 


r/m| 






111010 I full displacement 




11111111 |mod010 r/m| 


10 011010 |unsigned full offset, selector 



NOTES: 

t Clock count shown applies if I/O permission allows I/O to the port in virtual 8086 
exception 13 fault occurs; refer to clock counts for INT 3 instruction. 
* If CPL <L IOPL ** If CPL > IOPL 



mode. If I/O bit map denies permission 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 





CLOCK COUNT 


NOTES 


Real 




Real 




INSTRUCTION FORMAT 


Address 


Protected 


Address 


Protected 




Mode or 


Virtual 


Mode or 


Virtual 




Virtual 


Address 


Virtual 


Address 




8086 


Mode 


8086 


Mode 




Mode 




Mode 




CONTROL TRANSFER (Continued) 










Protected Mode Only (Direct Intersegment) 










Via Call Gate to Same Privilege Level 




52 + m 




hj.k.r 


Via Call Gate to Different Privilege Level, 










(No Parameters) 




86+ m 




h.j.k.r 


Via Call Gate to Different Privilege Level, 










(x Parameters) 




94+4x+m 




h,j,k,r 


From 80286 Task to 80286 TSS 




273 




h,j,k,r 


From 80286 Task to 386TM CPU TSS 




298 




h,j,k,r 


From 80286 Task to Virtual 8086 Task (386tm CPU TSS) 




218 




h,j,k,r 


From 386TM CPU Task to 80286 TSS 




273 




h,j,k,r 


From 386TM CPU Task to 386tm CPU TSS 




300 




h.j.k.r 


From 386tm CPU Task to Virtual 8086 Task (386TM CPU TSS) 


22+ m 


218 
38 + m 


b 


h,j,k,r 
hj.k.r 


Indirect Intersegment | 11111111 |mod011 r/m| 


Protected Mode Only (Indirect Intersegment) 










Via Call Gate to Same Privilege Level 




56+ m 




, h,j,k,r 


Via Call Gate to Different Privilege Level, 










(No Parameters) 




90 + m 




h.j.k.r 


Via Call Gate to Different Privilege Level, 










(x Parameters) 




98 + 4x+m 




h,j,k,r 


From 80286 Task to 80286 TSS 




278 




h,j,k,r 


From 80286 Task to 386TM CPU TSS 




303 




h,j,k,r 


From 80286 Task to Virtual 8086 Task (386TM CPU TSS) 




222 




h.j.k.r 


From 386TM CPU Task to 80286 TSS 




278 




h,j,k,r 


From 386TM CPU Task to 386TM CPU TSS 




305 




h,j,k,r 


From 386tm CPU Task to Virtual 8086 Task (386TM CPU TSS) 




222 




h,j,k,r 


JMP = Unconditional Jump 


7 + m 

7+m 

7+m/ 
10+m 

12 + m 


7 + m 
7+m 

7 + m/ 
10+m 

27 + m 


b 


r 

r 

h,r 
j,k,r 


Short 1 1 1 10101 1 1 8-bit displacement! 


Direct within Segment | 11101001 | full displacement 


Register/Memory Indirect within Segment | 11111111 |mod1 r/m| 


Direct Intersegment | 11101010 | unsigned full offset, selector 


Protected Mode Only (Direct Intersegment) 










Via Call Gate to Same Privilege Level 




45 + m 




h,j,k,r 


From 80286 Task to 80286 TSS 




274 




h,j,k,r 


From 80286 Task to 386TM CPU TSS 




301 




h,j,k,r 


From 80286 Task to Virtual 8086 Task (386TM CPU TSS) 




219 




h,j,k,r 


From 386TM CPU Task to 80286 TSS 




270 




h,j,k,r 


From 386TM CPU Task to 386TM CPU TSS 




303 




h,j,k,r 


From 386TM CPU Task to Virtual 8086 Task (386TM CPU TSS) 


i7+m 


221 
31 + m 


b 


h,j,k,r 
h,j,k,r 


Indirect Intersegment | 11111111 j modi 01 r/m| 


Protected Mode Only (Indirect Intersegment) 










Via Call Gate to Same Privilege Level 




49 + m 




h,j,k,r 


From 80286 Task to 80286 TSS 




279 




h,j,k,r 


From 80286 Task to 386TM CPU TSS 




306 




h,j,k,r 


From 80286 Task to Virtual 8086 Task (386TM CPU TSS) 




223 




h,j,k,r 


From 386TM CPU Task to 80286 TSS 




275 




h,j,k,r 


From 386TM CPU Task to 386TM CPU TSS 




308 




h,j,k,r 


From 386TM CPU Task to Virtual 8086 Task (386tm CPU TSS) 




225 




h,j,k,r 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


CONTROL TRANSFER (Continued) 
RET = Return from CALL 




full displacement 

full displacement 

full displacement 

full displacement 

full displacement 

full displacement 

full displacement 

full displacement 
full displacement 


10 + m 
10 + m 
18 + m 
18 + m 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 


10 + m 
10 + m 
32 + m 
32 + m 

69 
69 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 


b 
b 
b 
b 


g. h, r 

g.h.r 

g, h, j, k, r 

g,h,j,k,r 

h,j,k,r 
h, j, k, r 


Within Segment | 1 100 001 1 


Within Segment Adding Immediate to SP | 110 010 


1 6-bit displ 


Intersegment | 110 01011 


Intersegment Adding Immediate to SP | 110 01010 

Protected Mode Only (RET): 
to Different Privilege Level 
Intersegment 
Intersegment Adding Immediate to SP 

CONDITIONAL JUMPS 

NOTE: Times Are Jump "Taken or Not Taken" 
JO = Jump on Overflow 


1 6-bit displ 


8-Bit Displacement | 01110 


8-bit displ 




Full Displacement | 01111 


10000000 


JNO = Jump on Not Overflow 


8-Bit Displacement j 01110001 


8-bit displ 




Full Displacement | 01111 


10000001 


JB/JNAE = Jump on Below/Not Above or Equal 


8-Bit Displacement | 01110 010 


8-bit displ 






Full Displacement | 01111 


10000010 


JNB/JAE = Jump on Not Below/ Above or Equal 


8-Bit Displacement | 01110 011 


8-bit displ 




Full Displacement | 00 001111 


1000001 1 


JE/JZ = Jump on Equal/Zero 


8-Bit Displacement | 01110100 


8-bit displ 


Full Displacement | 01111 


10000100 


JNE/JNZ = Jump on Not Equal/Not Zero 


8-Bit Displacement | 01110101 


8-bit displ 




Full Displacement | 0001111 


10000101 


JBE/JNA = Jump on Below or Equal/Not Above 


8-Bit Displacement | 01110110 


8-bit displ 




Full Displacement | 01111 


100001 10 


JNBE/JA = Jump on Not Below or Equal/Above 


8-Bit Displacement | 01110111 


8-bit displ 




Full Displacement | 01111 


100001 1 1 


JS = Jump on Sign 


8-Bit Displacement | 01111 000 


8-bit displ 




Full Displacement j 000 01111 


10001000 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


CONDITIONAL JUMPS (Continued) 
JNS = Jump on Not Sign 




full displacement 
full displacement 
full displacement 
full displacement 
full displacement 
full displacement 
full displacement 


7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + mor3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 ■+ m or 3 

7 + m or 3 
7 + mor3 

7 + m or 3 
7 + m or 3 
9 + m or 5 
9 + m or 5 

11 + m 
11 + m 
11 + m 

4/5 
4/5 
4/5 


7 + m or 3 
7 + rri or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 -I- m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + mor3 
7 + m or 3 
9 + m or 5 
9 + m or 5 

11 + m 
11 + m 
11 + m 

4/5 
4/5 
4/5 




h 
h 
h 


8-Bit Displacement j 011110 01 


8-bit displ 






Full Displacement j 00001111 


10001001 


JP/JPE = Jump on Parity/Parity Even 




8-Bit Displacement | 01111010 


8-bit displ 






Full Displacement j 01111 


10001010 


JNP/JPO = Jump on Not Parity/Parity Odd 




8-Bit Displacement | 01111011 


8-bit displ 






Full Displacement J 1 1 1 1 


1000101 1 


JL/JNGE = Jump on Less/Not Greater or Equal 




8-Bit Displacement ' | 01111100 


8-bit displ 






Full Displacement J 00001111 


10001 100 


JNL/JGE = Jump on Not Less/Greater or Equal 




8-Bit Displacement j 01111101 


8-bit displ 






Full Displacement ] 01111 


10001 1 01 


JLE/JNG = Jump on Less or Equal/Not Greater 




8-Bit Displacement | 01111110 


8-bit displ 


Full Displacement j 01111 


10001 1 10 


JNLE/JG = Jump on Not Less or Equal/Greater 




8-Bit Displacement J 01111111 


8-bit displ 






Full Displacement j 01111 


10001 1 1 1 






JCX2 = Jump on CX Zero | 1110 011 


8-bit displ 






JECXZ = Jump on ECX Zero | 1110 011 


8-bit displ 


(Address Size Prefix Differentiates JCXZ from JECXZ) 




LOOP = Loop CX Times | 11100010 


8-bit displ 






Zero/Equal [ 1 1 1 00.001 


8-bit displ 






Not Zero I 1110 


8-bit displ 


CONDITIONAL BYTE SET 

NOTE: Times Are Register/Memory 

SETO = Set Byte on Overflow 




To Register/ Memory | 00001111 


10 010 


mod r/m | 


SETNO = Set Byte on Not Overflow 






To Register/Memory | 01111 


10010001 


mod r/m | 


SETB/SETNAE = Set Byte on Below/Not Above or Equa 


1 




To Register/Memory j 00001 1 1 1 


10010010 


mod r/m I 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


CONDITIONAL BYTE SET (Continued) 

SETNB = Set Byte on Not Below/Above or Equal 


4/5 
4/5 
4/5 
.4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 

10 

12 

15 + 

4(n - 1) 

4 


4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 
4/5 

10 

12 

15 + 

4(n - 1) 

4 


b 
b 
b 

b 


h 
h 
h 
h 
h 
h 
h 
h 
h 
h 
h 
h 
h 

h 
h 
h 

h 


To Register/Memory | 00001111 | 10010011 | mod r/m | 


SETE/SETZ = Set Byte on Equal/Zero 


To Register/Memory | 00001111 | 10010100 | mod 00 r/m | 


SETNE/SETNZ = Set Byte on Not Equal/Not Zero 


To Register/Memory | 00001111 | 10010101 | mod r/m | 


SETBE/SETNA = Set Byte on Below or Equal/Not Above 


To Register/ Memory | 00001111 | 10010110 | mod r/m | 


SETNBE/SETA = Set Byte on Not Below or Equal/Above 


To Register/ Memory | 00001111 | 10010111 | mod r/m | 


SETS = Set Byte on Sign 


To Register/Memory | 00001111 | 10011000 | mod r/m | 


SETNS = Set Byte on Not Sign 


To Register/Memory | 00001111 | 10011001 | mod r/m | 


SETP/SETPE = Set Byte on Parity/Parity Even 


To Register/ Memory | 00001111 | 10011010 | mod r/m | 


SETNP/SETPO = Set Byte on Not Parity/Parity Odd 


To Register/Memory | 00001111 | 10011011 | mod r/m | 


SETL/SETNGE = Set Byte on Less/Not Greater or Equal 


To Register/ Memory | 00001111 | 10011100 | mod r/m | 


SETNL/SETGE = Set Byte on Not Less/Greater or Equal 


To Register/ Memory | 00001111 | 01111101 | mod r/m | 


SETLE/SETNG = Set Byte on Less or Equal/Not Greater 


To Register/Memory | 00001111 | 10011110 | mod r/m | 


SETNLE/SETG = Set Byte on Not Less or Equal/Greater 


To Register/Memory | 00001111 | 10011111 | mod r/m | 




ENTER = Enter Procedure | 110 010 ( 16-bit displacement, 8-bit level j 


L = 
L= 1 
L> 1 


LEAVE = Leave Procedure | 1 1 1 1 | 
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Table 8-1. 386™ Microprocessor Instruction Set Clock Count Summary (Continued) 





CLOCK COUNT 


NOTES 


Real 




Real 




INSTRUCTION FORMAT 


Address 


Protected 


Address 


Protected 




Mode or 


Virtual 


Mode or 


Virtual 




Virtual 


Address 


Virtual 


Address 




8086 


Mode 


8086 


Mode 




Mode 




Mode 




INTERRUPT INSTRUCTIONS 










INT « Interrupt: 


37 
33 




b 
b 




Type Specified J 1 1 00 1 1 1 | tyP e I 




Type3 | 1 1001 100 | 


INTO - Interrupt 4 if Overflow Flag Set | 110 01110 | 


lfOF = 1 


35 




b,e 




lfOF = 


3 


3 


b, e 




Bound - Interrupt 5 if Detect Value | 0110 010 | mod reg r/m | 


Out of Range 










If Out of Range 


44 




b,e 


e, g, h, j, k, r 


If In Range 


10 


10 


b,e 


e, g, h, j, k, r 


Protected Mode Only (INT) 










INT: Type Specified 










Via Interrupt or Trap Gate 










to Same Privilege Level 




59 




g, j, k, r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




99 




g,j,k,r 


From 80286 Task to 80286 TSS via Task Gate 




282 




g.j.k.r 


From 80286 Task to 386TM CPU TSS via Task Gate 




309 




g, j, k, r 


From 80286 Task to virt 8086 md via Task Gate 




226 




g, j, k, r 


From 386tm CPU Task to 80286 TSS via Task Gate 




284 




g, j, k, r 


From 386TM CPU Task to 386tm CPU TSS via Task Gate 




311 




g,j,k,r 


From 386tm CPU Task to virt 8086 md via Task Gate 




228 




g, j, k, r 


From virt 8086 md to 80286 TSS via Task Gate 




289 




g, j, k, r 


From virt 8086 md to 386tm CPU TSS via Task Gate 




316 




g,j,k,r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




119 






INT: TYPE 3 










Via Interrupt or Trap Gate 










to Same Privilege Level 




59 




g. j, k, r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




99 




g,j,k,r 


From 80286 Task to 80286 TSS via Task Gate 




278 




g,j,k,r 


From 80286 Task to 386TM CPU TSS via Task Gate 




305 




g.j.k.r 


From 80286 Task to Virt 8086 md via Task Gate 




222 




g.j,k,r 


From 386TM CPU Task to 80286 TSS via Task Gate 




280 




g.j.k.r 


From 386TM CPU Task to 386tm CPU TSS via Task Gate 




307 




g, i, k, r 


From 386tm CPU Task to Virt 8086 md via Task Gate 




224 




g.J.k.r 


From virt 8086 md to 80286 TSS via Task Gate 




285 




g,j,k,r 


From virt 8086 md to 386TM CPU TSS via Task Gate 




312 




g, j, k, r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




119 






INTO: 










Via Interrupt or Trap Grate 










to Same Privilege Level 




59 




g.j.k.r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




99 




g.j.k.r 


From 80286 Task to 80286 TSS via Task Gate 




280 




g, j, k, r 


From 80286 Task to 386TM CPU TSS via Task Gate 




307 




g.j.k.r 


From 80286 Task to virt 8086 md via Task Gate 




224 




g, j, k. r 


From 386TM CPU Task to 80286 TSS via Task Gate 




282 




g.j.k.r 


From 386TM CPU Task to 386TM CPU TSS via Task Gate 




309 




g, j, k, r 


From 386TM CPU Task to virt 8086 md via Task Gate 




225 




g, j, k, r 


From virt 8086 md to 80286 TSS via Task Gate 




287 




g, j, k, r 


From virt 8086 md to 386tm CPU TSS via Task Gate 




314 




g, j, k, r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




119 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 





CLOCK COUNT 


NOTES 


Real 




Real 




INSTRUCTION FORMAT 


Address 


Protected 


Address 


Protected 




Mode or 


Virtual 


Mode or 


Virtual 




Virtual 


Address 


Virtual 


Address 




8086 


Mode 


8086 


Mode 




Mode 




Mode 




INTERRUPT INSTRUCTIONS (Continued) 










BOUND: 










Via Interrupt or Trap Gate 










to Same Privilege Level 




59 




g,j,k,r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




99 




g.j,k,r 


From 80286 Task to 80286 TSS via Task Gate 




254 




g,j.k,r 


From 80286 Task to 386tm CPU TSS via Task Gate 




284 




g,j,k,r 


From 80268 Task to virt 8086 Mode via Task Gate 




231 




g,j,k,r 


From 386tm CPU Task to 80286 TSS via Task Gate 




264 




g,j.k,r 


From 386TM CPU Task to 386tm CPU TSS via Task Gate 




294 




g,j,k,r 


From 80368 Task to virt 8086 Mode via Task Gate 




243 




g,j,k,r, 


From virt 8086 Mode to 80286 TSS via Task Gate 




264 




g,j,k,r 


From virt 8086 Mode to 386tm CPU TSS via Task Gate 




294 




g,j,k,r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




119 






INTERRUPT RETURN 


22 






g.h.j.k.r 


IRET = Interrupt Return | 110 01111 | 


Protected Mode Only (IRET) 










To the Same Privilege Level (within task) 




38 




g,h,j,k,r 


To Different Privilege Level (within task) 




82 




g, h, j, k, r 


From 80286 Task to 80286 TSS 




232 




h,j,k,r 


From 80286 Task to 386tm CPU TSS 




265 




h,j,k,r 


From 80286 Task to Virtual 8086 Task 




213 




h.j.k.r 


From 80286 Task to Virtual 8086 Mode (within task) 




60 






From 386TM CPU Task to 80286 TSS 




271 




h, j, k, r 


From 386TM CPU Task to 386TM CPU TSS 




,275 




h, j, k, r 


From 386tm CPU Task to Virtual 8086 Task 




223 




. h, j, k, r 


From 386TM CPU Task to Virtual 8086 Mode (within task) 




60 






PROCESSOR CONTROL 


5 


5 




I 


HLT = HALT | 11 1 10100 | 


MOV = Move to and From Control/Debug/Test Registers 


11/4/5 
6 

22 
16 
14 
22 
12 
12 
3 
7 


11/4/5 
6 

22 
16 
14 
22 
12 
12 
3 
7 






CR0/CR2/CR3 from register | 00001 1 1 1 f 00100010 | 1 1 eeereg | 




Register From CRO-3 | 00001111 | 00100000 | 11 eee reg | 




DRO-3 From Register ( 00001111 | 00100011 | 11 eee reg | 




DR6-7 From Register | 00 01111 | 00100 011 | 1 1 eee reg | 




Register from DR6-7 | 00001111 | 00100001 | 11 eee reg | 




Register from DRO-3 | 00001111 J 00100001 | 11 eee reg | 




TR6-7 from Register | 00001111 | 00100110 | 11 eee reg | 




Register from TR6-7 | 00001 1 1 1 | 001 001 00 | 11 eee reg | 




NOP = No Operation [ 10010000 | 




WAIT = Wait until BUSY # pin is negated | 10 011011 | 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Continued) 



INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


PROCESSOR EXTENSION INSTRUCTIONS 


See 

80287/80387 
data sheets for 
clock counts 












N/A 
N/A 

11 

11 

N/A 
11/14 

N/A 
N/A 

N/A 

9 

9 
N/A 













20/21 
15/16 

11 

11 

20/24 
11/14 

21/22 
25/26 

23/27 
9 
9 
2/2 


a 

a 

b,c 
b,c 

a 

b.c 

a 
a 

a 

b,c 
b,c 

a 


h 
m 

h 

g.h,j,p 

h,l 

h,l 

g,h,j,l 
h,l 

g.r»,i,p 
g,n,j,p 

g,h,j,i 
h 
h 
h 


Processor Extension Escape | 1 1 1 1 T T T J mod L L L r/m | 
TTT and LLL bits are opcode 
information for coprocessor. 

PREFIX BYTES 


Address Size Prefix | 01100111 | 




LOCK = Bus Lock Prefix | 11110 | 




Operand Size Prefix | 1100110 | 


Segment Override Prefix 


CS: | 1 1 1 1 | 




DS: | 1 1 1 1 1 | 




ES: | 10 0110 | 




FS: | 01100100 | 




GS: | 01 100101 | 




SS; | 1 1 1 1 | 


PROTECTION CONTROL 

ARPL = Adjust Requested Privilege Level 


From Register/Memory j 01100011 Jmodreg r/m J 


LAR - Load Access Rights 


From Register/Memory | 00001111 J 00000010 | mod reg r/m | 


LGDT = Load Global Descriptor 


Table Register | 00001111 | 00000001 |mod010 r/m | 


LIDT = Load Interrupt Descriptor 


Table Register | 00001111 | 00000001 | mod01 1 r/m] 


LLOT = Load Local Descriptor 


Register/Memory | 00001111 | 000000 |mod010 r/m | 


LMSW = Load Machine Status Word 


From Register/Memory | 0001111 | 00000001 | modi 10 r/m | 


LSL = Load Segment Limit 


From Register/Memory j 00001111 j 00000011 Jmodreg r/m j 


Byte-Granular Limit 
Page-Granular Limit 
LTR = Load Task Register 


From Register/Memory j 00001111 | 00000000 j mod 01 r/m | 


SGDT = Store Global Descriptor 


Table Register | 00001111 | 00000001 |mod000 r/m | 


SIDT = Store Interrupt Descriptor 


Table Register | 00001111 | 00000001 |mod001 r/m | 


SLDT = Store Local Descriptor Table Register 


To Register/Memory | 00001111 |' 0000.000 | mod 000 r/m | 
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Table 8-1. 386tm Microprocessor Instruction Set Clock Count Summary (Cc 


)ntinued) 




INSTRUCTION 


FORMAT 






CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


SMSW 
STR 

VERR 

VERW 


= Store Machine 
Status Word 

= Store Task Register 

To Register/ Memory 

= Verify Read Accesss 

Register/ Memory 

= Verify Write Accesss 








2/2 

N/A 

N/A 
N/A 


2/2 

2/2 

10/11 
15/16 


b,c 

a 

a 
a 


h,l 

h 

g, h, j, p 

g. h, j. p 


| 01111 


1 | mod 1 


r/m| 


| 01111 


00000000 | mod 1 


r/m| 


| 00001 1 1 1 


00000000 | mod 10 


r/m| 


| 00001 1 1 1 


000 00 | mod 101 


r/m| 



INSTRUCTION NOTES FOR TABLE 8-1 

Notes a through c apply to 386 Microprocessor Real Address Mode only: 

a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode). 

b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, DS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 

c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 

Notes d through g apply to 386 Microprocessor Real Address Mode and 386 Microprocessor Protected Virtual 
Address Mode: 

d. The 386 Microprocessor uses an early-out multiply algorithm. The actual number of clocks depends on the position of the 
most significant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > then max ([log2 |m|], 3) + b clocks: 

if m = then 3 + b clocks 
In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 1 2 for memory to register, 
b = 10 for register with immediate to register, 
b = 1 1 for memory with immediate to register. 

e. An exception may occur, depending on the value of the operand. 

f. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK# prefix. 

g. LOCK# is asserted during descriptor table accesses. 

Notes h through r apply to 386 Microprocessor Protected Virtual Address Mode only: 

h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, DS, ES, FS or GS cannot be used 

due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 

limit violation or not present) occurs. 

i. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an exception 13 fault 

(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, DS, ES, FS, GS not 

present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 

violation or not present) occurs. 

j. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK# to maintain 

descriptor integrity in multiprocessor systems. 

k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 

protection violation) if an applicable privilege rule is violated. 

I. An exception 13 fault occurs if CPL is greater than (0 is the most privileged level). 

m. An exception 1 3 fault occurs if CPL is greater than IOPL. 

n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 

updated only if CPL = 0. 

o. The PE bit of the MSW (CR0) cannot be reset by this instruction. Use MOV into CR0 if desiring to reset the PE bit. 

p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 

flag is cleared. 

q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 1 3 fault (general 

protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 

or not present) will occur if the stack limit is violated by the operand's starting address. 

r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 

(general protection violation) will occur. 
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8.2 INSTRUCTION ENCODING 



8.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod r/m" 
byte and "scaled index" byte, a displacement if re- 
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation/The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). this byte, the mod r/m 
byte, specifies the address mode to be used. Certain 



encodings of the mod r/m byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod r/m byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im- 
mediately following the mod r/m byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 1 6 or 32 bits. 

if the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 8-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the r/m field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 
tions, sometimes within the opcode bytes them- 
selves. Table 8-2 is a complete list of all fields ap- 
pearing in the 386 Microprocessor instruction set. 
Further ahead, following Table 8-2, are detailed ta- 
bles for each field. 



TTTTTTTT TTTTTTTt| modTTTr/m | ssindexbase | d32 1 16 | 8 | none data32 | 16 | 8 | none 

_ / i J 
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opcode 

(one or two bytes) 

(T represents an 

opcode bit.) 



"mod r/m" 
byte 



"s-i-b" 
byte 



register and address 
mode specifier 



address 
displacement 
(4, 2, 1 bytes 

or none) 



immediate 

data 

(4,2, 1 bytes 

or none) 



Figure 8-1, General Instruction Format 



Table 8-2. Fields within 386tm Microprocessor Instructions 



Field Name 


Description 


Number of Bits 


w 


Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 


1 


d 


Specifies Direction of Data Operation 


: 1 


s 


Specifies if an Immediate Data Field Must be Sign-Extended 


1 


reg 


General Register Specifier 


3 


mod r/m 


Address Mode Specifier (Effective Address can be a General Register) 


2 for mod; 

3 for r/m 


ss 


Scale Factor for Scaled Index Address Mode 


2 


index 


General Register to be used as Index Register 


3 


base 


General Register to be used as Base Register 


3 


sreg2 


Segment Register Specifier for CS, SS, DS, ES 


2 


sreg3 


Segment Register Specifier for CS, SS, DS, ES, FS, GS 


:' 3.". :,■,. 


tttn 


For Conditional Instructions, Specifies a Condition Asserted 






or a Condition Negated 


4 



Note: Table 8-1 shows encoding of individual instructions. 
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8.2.2 32-Bit Extensions of the 
Instruction Set 

With the 386 Microprocessor, the 8086/80186/ 
80286 instruction set is extended in two orthogonal 
directions: 32-bit forms of all 16-bit instructions are 
added to support the 32-bit data types, and 32-bit 
addressing modes are made available for all instruc- 
tions referencing memory. This orthogonal instruc- 
tion set extension is accomplished having a Default 
(D) bit in the code segment descriptor, and by hav- 
ing 2 prefixes to the instruction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the D bit in 
the code segment descriptor, which gives the de- 
fault length (either 32 bits or 1 6 bits) for both oper- 
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a D value of is assumed internally by the 386 
Microprocessor when operating in those modes (for 
16-bit default sizes compatible with the 8086/ 
80186/80286). 

Two prefixes, the Operand Size Prefix and the Effec- 
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op- 
code bytes and affect only the instruction they pre- 
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres- 
ence of the Operand Size Prefix toggles the instruc- 
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres- 
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa- 
tions. 

These 32-bit extensions are available in all 386 Mi- 
croprocessor modes, including the Real Address 
Mode or the Virtual 8086 Mode. In these modes the 
default is always 16 bits, so prefixes are needed to 
specify 32-bit operands or addresses. For instruc- 
tions with more than one prefix, the order of prefixes 
is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

8.2.3 Encoding of Instruction Fields 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi- 
ately ahead. 



8.2.3.1 ENCODING OF OPERAND LENGTH (w) 
FIELD 

For any given instruction performing a data opera- 
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 



w Field 


Operand Size 

During 16-Bit 

Data Operations 


Operand Size 

During 32-Bit 

Data Operations 



1 


8 Bits 
16 Bits 


8 Bits 
32 Bits 



8.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod r/m" byte, or as the r/m 
field of the "mod r/m" byte. 

Encoding of reg Field When w Field 
is not Present in Instruction 





Register Selected 


Register Selected 


reg Field 


During 16-Bit 


During 32-Bit 




Data Operations 


Data Operations 


000 


AX 


EAX 


001 


CX 


ECX 


010 


DX 


EDX 


011 


BX 


EBX 


100 


SP 


ESP 


101 


BP 


EBP 


101 


SI 


ESI 


101 


Dl 


EDI 



Encoding of reg Field \ 


A/hen w Field 


is Present in Instruction 


Register Specified by reg Field 


During 16-Bit Data Operations: 


reg 


Function of w Field 


(when w = 0) 


(when w = 1) 


000 


AL 


AX 


001 


CL 


CX 


010 


DL 


DX 


011 


BL 


BX 


100 


AH 


SP 


101 


CH 


BP 


110 


DH 


SI 


111 


BH 


Dl 
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Register Specified by reg Field 
During 32-Bit Data Operations 


reg 


Function of w Field 


(when w = 0) 


(when w = 1) 


000 
001 
010 
011 
100 
101 
110 

111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 



8.2.3.3 ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the 386 Microprocessor FS and 
GS segment registers to be specified. 

2-Bit sreg2 Field 



2-Bit 
sreg2 Field 


Segment 
Register 
Selected 


00 
01 
10 

11 


ES 
CS 
SS 
DS 



3-Bit sreg3 Field 


3-Bit 
sreg3 Field 


Segment 
Register 
Selected 


000 


ES 


001 


CS 


010 


SS 


011 


DS 


100 


FS 


101 


GS 


110 


do not use 


111 


do not use 



8.2.3.4 ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
r/m" byte, and a second byte of addressing informa- 
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
r/m" byte has r/m = 100 and mod = 00, 01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod r/m" byte, 
also contains three bits (shown as TTT in Figure 8-1) 
sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 1 6-bit ad- 
dressing uses 16-bit address components to calcu- 
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef- 
fective address. When 16-bit addressing is used, the 
"mod r/m" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod r/m" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en- 
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of 16-bit Address Mode with "mod r/m" Byte 



mod r/m 


Effective Address 


00 000 


DS:[BX + SI] 


00 001 


DS:[BX + DI] 


00 010 


SS:[BP + SI] 


00 011 


SS:[BP + DI] 


00100 


DS:[SI] 


00101 


DS:[DI] 


00110 


DS:d16 


00111 


DS:[BX] 


01000 


DS:[BX+SI + d8] 


01 001 


DS:[BX + DI + d8] 


01 010 


SS:[BP + SI + d8] 


01011 


SS:[BP + DI + d8] 


01 100 


DS:[SI + d8] 


01 101 


DS:[DI + d8] 


01 110 


SS:[BP + d8] 


01 111 


DS:[BX + d8] 



mod r/m 


Effective Address 


10 000 


DS:[BX + SI + d16] 


10 001 


DS:[BX+DI + d16] 


10010 


SS:[BP + SI + d16] 


10011 


SS:[BP + DI + d16] 


10100 


DS:[SI + d16] 


10 101 


DS:[DI + d16] 


10110 


SS:[BP + d16] 


10111 


DS:[BX+d16] 


11000 


register — see below 


11 001 


register — see below 


11 010 


register — see below 


11 011 


register — see below 


11 100 


register — see below 


11 101 


register— see below 


11 110 


register — see below 


11 111 


register — see below 



Register Specified by r/m 
During 16-Bit Data Operations 


mod r/m 


Function of w Field 


(when w = 0) 


(when w = 1) 


11 000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



Register Specified by r/m 
During 32-Bit Data Operations 


mod r/m 


Function of w Field 


(whenw=0) 


(when w = 1) 


11 000 
11 001 
11 010 
11 011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 
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Encoding of 32-bit Address Mode with "mod r/m" byte (no "s-i-b" byte present): 



mod r/m 


Effective Address 


00 000 


DS:[EAX] 


00001 


DS:[ECX] 


00 010 


DS:[EDX] 


00011 


DS:[EBX] , 


00100 


s-i-b is present 


00101 


DS:d32 


00110 


DS:[ESI] 


00111 


DS:[EDI] 


01 000 


DS:[EAX + d8] 


01 001 


DS:[ECX + d8] 


01010 


DS:[EDX + d8] 


01011 


DS:[EBX + d8] 


01 100 


s-i-b is present 


01 101 


SS:[EBP + d8] 


01110 


DS:[ESI + d8] 


01 111 


DS:[EDI + d8] 



mod r/m 


Effective Address 


10 000 


DS:[EAX + d32] 


10 001 


DS:[ECX+d32] 


10010 


DS:[EDX + d32] 


10011 


DS:[EBX + d32] 


10100 


s-i-b is present 


10101 


SS:[EBP + d32] 


10110 


DS:[ESI + d32] 


10111 


DS:[EDI + d32] 


11000 


register— see below 


11001 


register— see below 


11010 


register — see below 


11011 


register — see below 


11 100 


register — see below 


11 101 


register— see below 


11 110 


register — see below 


11 111 


register — see below 



Register Specified by reg or r/m 
during 16-Bit Data Operations: 


mod r/m 


function of w field 


(whenw=0) 


(whenw=1) 


11000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



Register Specified by reg or r/m 
during 32-Bit Data Operations: 


mod r/m 


function of w field 


(whenw=0) 


(whenw=1) 


11000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 
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Encoding of 32-blt Address Mode ("mod r/m" byte and "s-l-b" byte present): 



mod base 


Effective Address 


00 000 


DS:[^AX+ (scaled index)] 


00 001 


DS; [ECX + (scaled index)] 


00 010 


DS:[EDX+ (scaled index)] 


00 011 


DS:[EBX+ (scaled index)] 


00100 


SS: [ESP + (scaled index)] 


00101 


DS:[d32 + (scaled index)] 


00110 


DS:[ESI + (scaled index)] 


00111 


DS:[EDI + (scaled index)] 


01000 


DS: [EAX + (scaled index) + d8] 


01001 


DS: [ECX + (scaled index) + d8] 


01010 


DS: [EDX + (scaled index) + d8] 


01011 


DS: [EBX + (scaled index) + d8] 


01 100 


SS: [ESP + (scaled index) + d8] 


01 101 


SS: [EBP + (scaled index) + d8] 


01 110 


DS: [ESI + (scaled index) + d8] 


01 111 


DS: [EDI + (scaled index) + d8] 


10 000 


DS:[EAX+ (scaled index) + d32] 


10 001 


DS: [ECX + (scaled index) + d32] 


10010 


DS:[EDX+ (scaled index) + d32] 


10 011 


DS: [EBX + (scaled index) + d32] 


10 100 


SS: [ESP + (scaled index) + d32] 


10101 


SS: [EBP + (scaled index) + d32] 


10110 


DS:[ESI + (scaled index) + d32] 


10111 


DS:[EDI + (scaled index) + d32] 



NOTE: 

Mod field in 
"s-i-b" byte. 



'mod r/m" byte; ss, index, base fields in 



SS 



00 
01 
10 

11 



Scale Factor 



x1 
x2 
x4 
x8 



index 


Index Register 


000 


EAX 


001 


ECX 


010 


EDX 


011 


EBX 


100 


no index reg** 


101 


EBP 


110 


ESI 


111 


EDI 



"IMPORTANT NOTE: 

When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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8.2.3.5 ENCODING OF OPERATION DIRECTION 
(d) FIELD 

In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 



Direction of Operation 



Register/Memory <-- Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 



Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 



8.2.3.6 ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im- 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 



Effect on 
Immediate Data8 


Effect on 
Immediate Data 16|32 


None 

1 Sign-Extend Data8 to Fill 
16-Bit or 32-Bit Destination 


None 
None 



8.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n = 0) or its negation (n = 1), 
and ttt giving the condition to test. 



Mnemonic 


Condition 


tttn 





Overflow 


0000 


NO 


No Overflow 


0001 


B/NAE 


Below/Not Above or Equal 


0010 


NB/AE 


Not Below/ Above or Equal 


0011 


E/Z 


Equal/Zero 


01O0 


NE/NZ 


Not Equal/Not Zero 


0101 


BE/NA 


Below or Equal/Not Above 


0110 


NBE/A 


Not Below or Equal/Above 


0111 


S 


Sign 


1000 


NS 


Not Sign 


1001 


P/PE 


Parity/ Parity Even 


1010 


NP/PO 


Not Parity/ Parity Odd 


1011 


L/NGE 


Less Than/Not Greater or Equal 


1100 


NL/GE 


Not Less Than/Greater or Equal 


1101 


LE/NG 


Less Than or Equal/Greater Than 


1110 


NLE/G 


Not Less or Equal/Greater Than 


1111 



8.2.3.8 ENCODING OF CONTROL OR DEBUG 
OR TEST REGISTER (eee) FIELD 

For the loading and storing of the Control, Debug 
and Test registers. 

When Interpreted as Control Register Field 



eee Code 


Reg Name 


000 
010 
011 


CR0 
CR2 
CR3 


Do not use any other encoding 



When Interpreted as 


Debug Register Field 


eee Code 


Reg Name 


000 


DR0 


001 


DR1 


010 


DR2 


011 


DR3 


110 


DR6 


111 


DR7 


Do not use any other encoding 



When Interpreted as Test Register Field 



eee Code 


Reg Name 


110 
111 


TR6 
TR7 


Do not use any other encoding 
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9.0 Revision History 

This 386 Microprocessor data sheet, version -005, contains updates and improvements to previous versions. 
A revision summary is listed here for your convenience. 

The sections significantly revised since version -001 are: 

2.9.6 Sequence of exception checking table added. 

2.9.7 Instruction restart revised. 
2. 1 1 .2 TLB testing revised. 

2.12 Debugging support revised. 

3.1 LOCK prefix restricted to certain instructions. 

4.4.3.3 I/O privilege level and I/O permission bitmap added. 
Figures 4-1 5a, 4-1 5b I/O permission bitmap added. 

4.6.4 Protection and I/O permission bitmap revised. 

4.6.6 Entering and leaving virtual 8086 mode through task switches, trap and interrupt 

gates, and IRET explained. 

5.6 Self-test signature stored in EAX. 

5.8 Coprocessor interface description added. 

5.8.1 Software testing for coprocessor presence added. 

Table 6-3 PGA package thermal characteristics added. 

7.6 Designing for ICE-386 revised. 
Figures 7-8, 7-9, 7-10 ICE-386 clearance requirements added. 

8.2.3.4 Encoding of 32-bit address mode with no "sib" byte corrected. 

The sections significantly revised since version -002 are: 

Table 2-5 Interrupt vector assignments updated. 

Figure 4-1 5a BiL_map__offset must be less than or equal to DFFFH. 

Figure 5-28 386 Microprocessor outputs remain in their reset state during self-test. 

5.7 Component and revision identifier history updated. 

7.4 20 MHz D.C. specifications added. 

7.5 16 MHz A.C. specifications updated. 20 MHz A.G. specifications added. 
Table 8-1 Clock counts updated. 

The sections significantly revised since version -003 are: 

Table 2-6b Interrupt priorities 2 and 3 interchanged. 

2.9.8 Double page faults do not raise double fault exception. 
Figure 4-5 Maximum-sized segments must have segments Base-m) = °- 
5.4.3.4 BS1 6 # timing corrected. 

Figures 5-16, 5-17, BS16# timing corrected. BS16# must not be asserted once NA# has been 

5-19, 5-22 sampled asserted in the current bus cycle. 

7.5 16 MHz and 20 MHz A.C. specifications revised. All timing parameters are now 

guaranteed at 1.5V test levels. The timing parameters have been adjusted to 
remain compatible with previous 0.8V/2.0V specifications. 
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The sections significantly revised since version -004 are: 

Chapter 4 25 MHz Clock data included. 

Table 2-4 Segment Register Selection Rules updated. 

5.4.4 Interrupt Acknowledge Cycles discussion corrected. 

Table 5-10 Additional Stepping Information added. 

Table 7-3 Ice values updated. 

7.5.2 Table for 25 MHz A.C. Characteristics added. A.C. Characteristics tables reor- 

dered. 

Figure 7-5 Output Valid Delay Timing Figure reconfigured. Partial data now provided in addi- 

tional Figures 7-5a and 7-5b. 

Table 8-1 Clock counts updated and formats corrected. 
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80387 

80-BIT CHMOS III 

NUMERIC PROCESSOR EXTENSION 



High Performance 80-Bit Internal 
Architecture 

Implements ANSI/IEEE Standard 754- 
1985 for Binary Floating-Point 
Arithmetic 

Five to Nine Times 8087/80287 
Performance 

Expands 386tm CPU Data Types to 
Include 32-, 64-, 80-Bit Floating Point, 
32-, 64-Bit Integers and 18-Digit BCD 
Operands 

Directly Extends 386tm CPU Instruction 
Set to Include Trigonometric, 
Logarithmic, Exponential and 
Arithmetic Instructions for All Data 
Types 



Upward Object-Code Compatible from 
8087 and 80287 

Full-Range Transcendental Operations 
for SINE, COSINE, TANGENT, 
ARCTANGENT and LOGARITHM 

Built-in Exception Handling 

Operates Independently of Real, 
Protected and Virtual-8086 Modes of 
the 386TM Microprocessor 

Eight 80-Bit Numeric Registers, Usable 
as Individually Addressable General 
Registers or as a Register Stack 

Available in 68-Pin PGA Package 

(See Packaging Spec: Order #231369) 



The Intel 80387 is a high-performance numerics processor extension that extends the lntel386TM Architecture 
with floating point, extended integer and BCD data types. The 386tm Microprocessor and the 80387 Coproc- 
essor computing system fully conforms to the ANSI/IEEE floating-point standard. Using a numerics oriented 
architecture, the 80387 adds over seventy mnemonics to the 386 Microprocessor instruction set, making the 
386 Microprocessor and the 80387 Coprocessor a complete solution for high-performance numerics process- 
ing. The 80387 is implemented with 1.5 micron, high-speed CHMOS III technology and packaged in a 68-pin 
ceramic pin grid array (PGA) package. The 386 Microprocessor and the 80387 Coprocessor are upward 
object-code compatible from the 386 Microprocessor and the 80287 Coprocessor, 80286/80287 and 
8086/8087 computing systems. 
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Figure 0.1. 80387 Block Diagram 
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386tm Microprocessor Registers 



80387 Data Registers 
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Figure 1.1. 386tm Microprocessor and 80387 Coprocessor Register Set 



1.0 FUNCTIONAL DESCRIPTION 

The 80387 Numeric Processor Extension (NPX) pro- 
vides arithmetic instructions for a variety of numeric 
data types in the 386tm Microprocessor and 80387 
Coprocessor systems. It also executes numerous 
built-in transcendental functions (e.g. tangent, sine, 
cosine, and log functions). The 80387 effectively ex- 
tends the register and instruction set of a 386 Micro- 
processor system for existing data types arid adds 
several new data types as well. Figure 1 .1 shows the 
model of registers visible to the 386 Microprocessor 
and 80387 Coprocessor programs. Essentially, the 
80387 can be treated as an additional resource or 
an extension to the 386 Microprocessor. The 386 
Microprocessor together with an 80387 can be used 
as a single unified system, the 386 Microprocessor 
and 80387 Coprocessor. 

The 80387 works the same whether the 386 Micro- 
processor is executing in real-address mode, pro- 
tected mode, or virtual-8086 mode. All memory ac- 
cess is handled by the 386 Microprocessor; the 
80387 merely operates on instructions and values 
passed to it by the 386 Microprocessor. Therefore, 
the 80387 is not sensitive to the processing mode of 
the 386 Microprocessor. 



In real-address mode and virtual-8086 mode, the 
386 Microprocessor and 80387 Coprocessor is com- 
pletely upward compatible with software for 
8086/8087, 80286/80287 real-address mode, and 
386 Microprocessor and 80287 Coprocessor real- 
address mode systems. 

In protected mode, the 386 Microprocessor and 
80387 Coprocessor is completely upward compati- 
ble with software for 80286/80287 protected mode, 
and 386 Microprocessor and 80287 Coprocessor 
protected mode systems. 

The only differences of operation that may appear 
when 8086/8087 programs are ported to a protect- 
ed-mode 386 Microprocessor and 80387 Coproces- 
sor system (not using virtual-8086 mode), is in the 
format of operands for the administrative instruc- 
tions FLDENV, FSTENV, FRSTOR and FSAVE. 
These instructions are normally used only by excep- 
tion handlers and operating systems, not by applica- 
tions programs. 

The 80387 contains three functional units that can 
operate in parallel to increase system performance. 
The 386 Microprocessor can be transferring com- 
mands and data to the 80387 bus control logic for 
the next instruction while the 80387 floating-point 
unit is performing the current numeric instruction. 
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2.0 PROGRAMMING INTERFACE 

The 80387 adds to the 386 Microprocessor system 
additional data types, registers, instructions, and in- 
terrupts specifically designed to facilitate high-speed 
numerics processing. To use the 80387 requires no 
special programming tools, because all new instruc- 
tions and data types are directly supported by the 
386 CPU assembler and compilers for high-level lan- 
guages. All 8086/8088 development tools that sup- 
port the 8087 can also be used to develop software 
for the 386 Microprocessor and 80387 Coprocessor 
in real-address mode or virtual-8086 mode. All 
80286 development tools that support the 80287 
can also be used to develop software for the 386 
Microprocessor and 80387 Coprocessor. 

All communication between the 386 Microprocessor 
and the 80387 is transparent to applications soft- 
ware. The CPU automatically controls the 80387 
whenever a numerics instruction is executed. All 
physical memory and virtual memory of the CPU are 
available for storage of the instructions and oper- 
ands of programs that use the 80387. All memory 
addressing modes, including use of displacement, 
base register, index register, and scaling, are avail- 
able for addressing numerics operands. 

Section 6 at the end of this data sheet lists by class 
the instructions that the 80387 adds to the instruc- 
tion set of the 386 Microprocessor system. 



2.1 Data Types 

Table 2.1 lists the seven data types that the 80387 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at physical-memory addresses 
evenly divisible by four (doubleword boundaries); op- 
erands may begin at any other addresses, but will 
require extra memory cycles to access the entire op- 
erand. 

Internally, the 80387 holds all numbers in the ex- 
tended-precision real format. Instructions that load 
operands from memory automatically convert oper- 
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 1 8- 
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem- 
ory perform the inverse type conversion. 



2.2 Numeric Operands 

A typical NPX instruction accepts one or two oper- 
ands and produces a single result. In two-operand 
instructions, one operand is the contents of an NPX 
register, while the other may be a memory location. 
The operands of some instructions are predefined; 
for example FSQRT always takes the square root of 
the number in the top stack element. 
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Table 2.1. 80387 Data Type Representation In Memory 



Oata 
Formats 



Range 



Precision 



Most Significant Byta = Highest Addressed Byte 



70707070707070707070 



Word Integer 



±10< 



16 Bits 



(TWOS 
COMPLEMENT) 



Short Integer 



±10» 



32 Bits 



I (TWOS 
COMPLEMENT) 



Long Integer 



±101« 



64 Bits 



Packed BCD 



±10±i« 



18 Digits 



MAGNITUOE 
d.y, di b| d ti| d 14| d 1 j l dij l dii ,d 1U| d, , d 8 t d ? t d 6 , d., , «i,, , d, 



Single Precision 



±10 3 



24 Bits 



S | EXPONENT | S.ON.FICANO J 



^7 



Double Precision 



±10* 



53 Bits 



BIASED 
EXPONENT 



C7 



Extended 
Precision 



±10 



±4932 



64 Bits 



BIASED 
EXPONENT 



&■ 



NOTES: 

(1) S = Sign bit (0 = positive, 1 = negative) 

(2) d n = Decimal digit (two per byte) 

(3) X = Bits have no significance; 80387 ignores when loading, zeros when storing 

(4) ▲ = Position of implicit binary point 

(5) I = Integer bit of significand; stored in temporary real, implicit in single and double precision 

(6) Exponent Bias (normalized values): 
Single: 127 (7FH) 

Double: 1023 (3FFH) 
Extended Real: 16383 (3FFFH) 

(7) Packed BCD: (-1)S (D 17 ...D ) 

(8) Real: (-1)S (2E-BIAS) (F F^..) 
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TAG (7) 


TAG (6) 


TAG (5) 


TAG (4) 


TAG (3) 


TAG (2) 


TAG(1) 


TAG (0) 



NOTE: 

The index i of tag(i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag(i) 
field refers to logical top of stack. 
TAG VALUES: 

00 = Valid 

01 = Zero 

10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 

11 = Empty 



Figure 2.1. 80387 Tag Word 



2.3 Register Set 

Figure 1.1 shows the 80387 register set. When an 
80387 is present in a system, programmers may use 
these registers in addition to the registers normally 
available on the 386 CPU. 



2.3.1 DATA REGISTERS 

80387 computations use the 80387's data registers. 
These eight 80-bit registers provide the equivalent 
capacity of twenty 32-bit registers. Each of the eight 
data registers in the 80387 is 80 bits wide and is 
divided into "fields" corresponding to the NPXs ex- 
tended-precision real data type. 

The 80387 register set can be accessed either as a 
stack, with instructions operating on the top one or 
two stack elements, or as a fixed register set, with 
instructions operating on explicitly designated regis- 
ters. The TOP field in the status word identifies the 
current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 



TOP by one. Like the 386 Microprocessor stacks in 
memory, the 80387 register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to user. This explicit 
register addressing is also relative to TOP. 

2.3.2 TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 2.1 shows. Each two-bit tag 
represents one of the eight numerics registers. The 
principal function of the tag word is to optimize the 
NPXs performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to check the contents of a stack location with- 
out the need to perform complex decoding of the 
actual data. 
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TT 

TOP 

UL 



80387 BUSY 

TOP OF STACK POINTER 

CONDITION CODE 



ERROR SUMMARY STATUS - 
STACK FLAG - 



EXCEPTION FLAGS : 

PRECISION 

UNDERFLOW 

OVERFLOW — 

ZERO DIVIDE 

DENORMALIZED OPERAND 

INVALID OPERATION — 



ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 2.2 for interpretation of condition code. 
TOP values; 

000 = Register is Top of Stack 

001 = Register 1 is Top of Stack 



111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled 
"Exception Handling" 



Figure 2.2. 80387 Status Word 



2.3.3 STATUS WORD 



The 16-bit status word (in the status register) shown 
in Figure 2.2 reflects the overall state of the 80387. 
It may be read and inspected by CPU code. 

Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It reflects the contents of the ES bit 
(bit 7 of the status word), not the status of the 
BUSY# output of 80387. 

Bits 13-11 (TOP) point to the 80387 register that is 
the current top-of-stack. 

The four numeric condition code bits (C3-C0) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2.2 
through 2.5. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR # signal is 
asserted. 



Bit 6 is the stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C-j) distinguishes between stack 
overflow (C-j - 1) and underflow (Ct = 0). 

Figure 2.2 shows the six exception flags in bits 5-0 
of the status word. Bits 5-0 are set to indicate that 
the 80387 has detected an exception while execut- 
ing an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 

Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rathef are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR # output of the 
80387 is activated immediately. 
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Table 2.2. Condition Code Interpretation 



Instruction 


C0(S) 


C3(Z) 


C1(A) 


C2 (C) 


FPREM.FPREM1 
(see Table 2.3) 


Three least significant bits 
of quotient 
Q2 Q0 


01 
orO/U# 


Reduction 

= complete 

1 = incomplete 


FCOM, FCOMP, 
FCOMPP, FTST, 
FUCOM, FUCOMP, 
FUCOMPP, FICOM, 
FICOMP 


Result of comparison 
(see Table 2.4) 


Zero 
orO/U# 


Operand is not 
comparable 
(Table 2.4) 


FXAM 


Operand class 
(see Table 2.5) 


Sign 
orO/U# 


Operand class 
(Table 2.5) 


FCHS, FABS, FXCH, 
FINCTOP, FDECTOP, 
Constant loads, 
FXTRACT, FLD, 
FILD, FBLD, 
FSTP (ext real) 


UNDEFINED 


Zero 
orO/U# 


UNDEFINED 


FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 
FDIV, FDIVR, 
FSUB, FSUBR, 
FSCALE, FSQRT, 
FPATAN.F2XM1, 
FYL2X, FYL2XP1 


UNDEFINED 


Roundup 
orO/U# 


UNDEFINED 


FPTAN, FSIN 
FCOS,FSINCOS 


UNDEFINED 


Roundup 
orO/U#, 
undefined 
if C2 = 1 


Reduction 

= complete 

1 = incomplete 


FLDENV, FRSTOR 


Each bit loaded from memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
FCLEX, FINIT, 
FSAVE 


UNDEFINED 


0/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit 
distinguishes between stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is 
complete. When reduction is incomplete the value at the top of the stack is a partial 
remainder, which can be used as input to further reduction. For FPTAN, FSIN, FCOS, and 
FSINCOS, the reduction bit is set if the operand at the top of the stack is too large. In this 
case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether the last rounding in the 
instruction was upward. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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Table 2.3. Condition Code Interpretation after FPREM and FPREM1 Instructions 



Condition Code 


Interpretation after FPREM and FPREM 1 


C2 


C3 


C1 


CO 


1 


X 


X 


X 


Incomplete Reduction: 
further interatlon required 
for complete reduction 





Q1 


Q0 


Q2 


QMOD8 


Complete Reduction: 

CO, C3, C1 contain three least 

significant bits of quotient 




1 
1 

.0 


1 
1 



1 

1 

1 

1 






1 
1 
1 
1 



1 
2 
3 
4 
5 
6 
7 



Table 2.4. Condition Code Resulting from Comparison 



Order 


C3 


C2 


CO 


TOP > Operand 
TOP < Operand 
TOP = Operand 
Unordered 





1 
1 






1 




1 



1 



Table 2.5. Condition Code Defining Operand Class 



C3 


C2 


C1 


CO 


Value at TOP 
















1 


+ Unsupported 
+ NaN 










1 
1 




1 


- Unsupported 

- NaN 


o 


1 








+ Normal 






1 
1 




1 


1 




+ Infinity 
- Normal 





1 




1 




1 




- Infinity 
+ 










1 


1 




+ Empty 
-0 






1 


1 




1 
o 


- Empty 
+ Denormal 




1 


1 





- Denormal 
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2.3.4 INSTRUCTION AND DATA POINTERS 

Because the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numeric instruction, the 386 Microprocessor and 
80387 Coprocessor contains two pointer registers 
that supply the address of the failing numeric in- 
struction and the address of its numeric memory op- 
erand (if appropriate). 

The instruction and data pointers are provided for 
user-written error handlers. These registers are ac- 
tually located in the 386 CPU, but appear to be lo- 
cated in the 80387 because they are accessed by 
the ESC instructions FLDENV, FSTENV, FSAVE, 
and FRSTOR. (In the 8086/8087 and 80286/80287, 
these registers are located in the NPX.) Whenever 



the 386 CPU decodes a new ESC instruction, it 
saves the address of the instruction (including any 
prefixes that may be present), the address of the 
operand (if present), and the opcode. 

The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the 386 Microprocessor (protected mode or real-ad- 
dress mode) and depending on the operand-size at- 
tribute in effect (32-bit operand or 16-bit operand). 
When the 386 Microprocessor is in virtual-8086 
mode, the real-address mode formats are used. 
(See Figures 2.3 through 2.6.) The ESC instructions 
FLDENV, FSTENV, FSAVE, and FRSTOR are used 
to transfer these values between the 386 Microproc- 
essor registers and memory. Note that the value of 
the data pointer is undefined if the prior ESC instruc- 
tion did not have a memory operand. 



31 



23 



32-BIT PROTECTED MODE FORMAT 
15 



+ 



RESERVED 



CONTROL WORD 



RESERVED 



STATUS WORD 

1 



RESERVED 



TAG WORD 



IP OFFSET 



00000 OPCODE 10 ..o 



CS SELECTOR 



10 



14 



18 



DATA OPERAND OFFSET 



RESERVED 



OPERAND SELECTOR 



Figure 2.3. Protected Mode 80387 Instruction and Data Pointer Image in Memory, 32-Bit Format 
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32-BIT REAL-ADDRESS MODE FORMAT 
23 15 
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CONTROL WORD 
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0000 



INSTRUCTION POINTER 31.. 16 
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OPERAND POINTER 15..0 



0000 



OPERAND POINTER 31.. 16 

I- I- 
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00000000 18 



Figure 2.4. Real Mode 80387 Instruction and Data Pointer Image in Memory, 32-Bit Format 



16-BIT PROTECTED MODE FORMAT 
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OPERAND OFFSET 
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Figure 2.5. Protected Mode 80387 

Instruction and Data Pointer 
Image in Memory, 16-Bit Format 





16-BIT REAL-ADDRESS MODE AND 
VIRTUAL-8086 MODE FORMAT 
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Figure 2.6. Real Mode 80387 

Instruction and Data Pointer 

Image in Memory, 16-Bit Format 
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XXX 
I I 



T 

PC 



"T" 

X X 



T*T 



RESERVED - 



EXCEPTION MASKS: 

PRECISION 

UNDERFLOW 

OVERFLOW 



ZERO DIVIDE - 

DENORMALIZED OPERAND - 

INVALID OPERATION - 



RESERVED 
RESERVED* 
ROUNDING CONTROL 
PRECISION CONTROL 



* "0" AFTER RESET OR FINIT; 
CHANGEABLE UPON LOADING THE 
CONTROL WORD (CW). PROGRAMS 
MUST IGNORE THIS BIT. 



Precision Control 

00—24 bits (single precision) 
01 — (reserved) 
1 0—53 bits (double precision) 
1 1 — 64 bits (extended precision) 



Rounding Control 

00— Round to nearest or even 
01— Round down (toward - °°) 
1 0— Round up (toward + °°) 
1 1— Chop (truncate toward zero) 



Figure 2.7. 80387 Control Word 



2.3.5 CONTROL WORD 

The NPX provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 2.7 shows the format 
and encoding of fields in the control word. 

The low-order byte of this control word configures 
the 80387 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 80387 recognizes. 

The high-order byte of the control word configures 
the 8Q387 operating mode, including precision and 
rounding. 

• Bit 12 no longer defines infinity control and is a 
reserved bit. Only affine closure is supported for 
infinity arithmetic. The bit is initialized to zero after 
RESET or FINIT and is changeable upon loading 
the CW. Programs must ignore this bit. 

• The rounding control (RC) bits (bits 11-10) pro- 
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 



affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 

The precision control (PC) bits (bits 9-8) can be 
used to set the 80387 internal operating precision 
of the significand at less than the default of 64 
bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci- 
sion is determined by the opcode or extended 
precision is used. 



2.4 Interrupt Description 

Several interrupts of the 386 CPU are used to report 
exceptional conditions while executing numeric pro- 
grams in either real or protected mode. Table 2.6 
shows these interrupts and their causes. 
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Table 2.6. 386™ Microprocessor Interrupt Vectors Reserved for NPX 



Interrupt 
Number 


Cause of Interrupt 


7 


An ESC instruction was encountered when EM or TS of the 386™i CPU control register 
zero (CRO) was set. EM = 1 indicates that software emulation of the instruction is 
required. When TS is set, either an ESC or WAIT instruction causes interrupt 7. This 
indicates that the current NPX context may not belong to the current task. 


9 


An operand of a coprocessor instruction wrapped around an addressing limit (OFFFFH for 
small segments, OFFFFFFFFH for big segments, zero for expand-down segments) and 
spanned inaccessible addresses 3 . The failing numerics instruction is not restartable. The 
address of the failing numerics instruction and data operand may be lost; an FSTENV does 
not return reliable addresses. As with the 80286/80287, the segment overrun exception 
should be handled by executing an FNINIT instruction (i.e. an FINIT without a preceding 
WAIT). The return address on the stack does not necessarily point to the failing instruction 
nor to the following instruction. The interrupt can be avoided by never allowing numeric 
data to start within 1 08 bytes of the end of a segment. 


13 


The first word or doubleword of a numeric operand is not entirely within the limit of its 
segment. The return address pushed onto the stack of the exception handler points at the 
ESC instruction that caused the exception, including any prefixes. The 80387 has not 
executed this instruction; the instruction pointer and data pointer register refer to a 
previous, correctly executed instruction. 


16 


The previous numerics instruction caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are stored in the instruction pointer and 
data pointer registers. Only ESC and WAIT instructions can cause this interrupt. The 386tm 
CPU return address pushed onto the stack of the exception handler points to a WAIT or 
ESC instruction (including prefixes). This instruction can be restarted after clearing the 
exception condition in the NPX. FNINIT, FNCLEX, FNSTSW, FNSTENV, and FNSAVE 
cannot cause this interrupt. 



a. An operand may wrap around an addressing limit when the segment limit is near an addressing limit and the operand is near the largest valid 
address in the segment. Because of the wrap-around, the beginning and ending addresses of such an operand will be at opposite ends of the 
segment. There are two ways that such an operand may also span inaccessible addresses: 1) if the segment limit is not equal to the addressing 
limit (e.g. addressing limit is FFFFH and segment limit is FFFDH) the operand will span addresses that are not within the segment (e.g. an 8-byte 
operand that starts at valid offset FFFC will span addresses FFFC-FFFF and 0000-0003; however addresses FFFE and FFFF are not valid, 
because they exceed the limit); 2) if the operand begins and ends in present and accessible pages but intermediate bytes of the operand fall in a 
not-present page or a page to which the procedure does not have access rights. 



2.5 Exception Handling 

The 80387 detects six different exception conditions 
that can occur during instruction execution. Table 
2.7 lists the exception conditions in order of prece- 
dence, showing for each the cause and the default 
action taken by the 80387 if the exception is masked 
by its corresponding mask bit in the control word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR # signal. When the CPU at- 
tempts to execute another ESC instruction or WAIT, 
exception 7 occurs. The exception condition must 
be resolved via an interrupt service routine. The 386 
Microprocessor and 80387 Coprocessor save the 
address of the floating-point instruction that caused 
the exception and the address of any memory oper- 
and required by that instruction. 



2.6 Initialization 

80387 initialization software must execute an FNIN- 
IT instruction (i.e. an FINIT without a preceding 
WAIT) to clear ERROR #. After a hardwareRESET, 
the ERROR # output is asserted to indicate that an 
80387 is present. To accomplish this, the IE and ES 
bits of the status word are set, and the IM bit in the 
control word is reset. After FNINIT, the status word 
and the control word have the same values as in an 
80287 after RESET. 
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2.7 8087 and 80287 Compatibility 

This section summarizes the differences between 
the 80387 and the 80287. Any migration from the 
8087 directly to the 80387 must also take into ac- 
count the differences between the 8087 and the 
80287 as listed in Appendix A. 

Many changes have been designed into the 80387 
to directly support the IEEE standard in hardware. 
These changes result in increased performance by 
eliminating the need for software that supports the 
standard. 



2.7.1 GENERAL DIFFERENCES 

The 80387 supports only affine closure for infinity 
arithmetic, not projective closure. Bit 1 2 of the Con- 
trol Word (CW) no longer defines infinity control. It is 
a reserved bit; but it is initialized to zero after RESET 
or FINIT and is changeable upon loading the CW. 
Programs must ignore this bit. 



Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ±«>); F2XM1 and 
FPTAN accept a wider range of operands. 

The results of transcendental operations may be 
slightly different from those computed by 80287. 

In the case of FPTAN, the 80387 supplies a true 
tangent result in ST(1 ), and (always) a floating point 
1 in ST. 

Rounding control is in effect for FLD constant 

Software cannot change entries of the tag word to 
values (other than empty) that do not reflect the ac- 
tual register contents. 

After reset, FINIT, and incomplete FPREM, the 
80387 resets to zero the condition code bits C3-C0 
of the status word. 

In conformance with the IEEE standard, the 80387 
does not support the special data formats: pseu- 
dozero, pseudo-NaN, pseudoinfinity, and unnormal. 



Table 2.7. Exceptions 



Exception 


Cause 


Default Action 
(if exception is masked) 


Invalid 
Operation 


Operation on a signaling NaN, unsupported format, 
indeterminate form (0*°°, 0/0, (+ °°) + (-<*>), etc.), or 
stack overflow/underflow (SF is also set). 


Result is a quiet NaN, integer 
indefinite, or BCD indefinite 


Denormalized 
Operand 


At least one of the operands is denormalized, i.e. it has 
the smallest exponent but a nonzero significand. 


Normal processing 
continues 


Zero Divisor 


The divisor is zero while the dividend is a noninfinite, 
nonzero number. 


Result is 00 


Overflow 


The result is too large in magnitude to fit in the specified 
format. 


Result is largest finite value 
or 00 


Underflow 


The true result is nonzero but too small to be 
represented in the specified format, and, if underflow 
exception is masked, denormalization causes loss of 
accuracy. 


Result is denormalized or 
zero 


Inexact 

Result 

(Precision) 


The true result is not exactly representable in the 
specified format (e.g. 1 /3); the result is rounded 
according to the rounding mode. 


Normal processing 
continues 
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2-7.2 EXCEPTIONS 

A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80387: 

LWhen the overflow or underflow exception is 
masked, the 80387 differs from the 80287 in 
rounding when overflow or underflow occurs. 
The 80387 produces results that are consistent 
with the rounding mode. 

2. When the underflow exception is masked, the 
80387 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 

3. Fewer invalid-operation exceptions due to de- 
normal operands, because the instructions 
FSQRT, FDIV, FPREM, and conversions to BCD 
or to integer normalize denormal operands be- 
fore proceeding. 

4. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de- 
normal operands. 

5. The denormal exception can occur during the 
transcendental instructions and the FXTRACT 
instruction. 

6. The denormal exception no longer takes prece- 
dence over all other exceptions. 

7. When the denormal exception is masked, the 
80387 automatically normalizes denormal oper- 
ands. The 8087/80287 performs unnormal arith- 
metic, which might produce an unnormal result. 

8. When the operand is zero, the FXTRACT in- 
struction reports a zero-divide exception and 
leaves -°° in ST(1). 

9. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

10. FLD extended precision no longer reports denor- 
mal exceptions, because the instruction is not 
numeric. 

11. FLD single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized operand 
exception. When loading a signaling NaN, FLD 
single/double precision signals an invalid-oper- 
and exception. 

1 2. The 80387 only generates quiet NaNs (as oh the 
80287); however, the 80387 distinguishes be- 
tween quiet NaNs and signaling NaNs. Signaling 
NaNs trigger exceptions when they are used as 
operands; quiet NaNs do not (except for FCOM, 
FIST, and FBSTP which also raise IE for quiet 
NaNs). 

1 3. When stack overflow occurs during FPTAN and 
overflow is masked, both ST(0) and ST(1) con- 
tain quiet NaNs. The 80287/8087 leaves the 
original operand in ST(1 ) intact. 



14. When the scaling factor is ±oo, the FSCALE 
(ST(0), ST(1)) instruction i behaves as follows 
(ST(0) and ST(1) contain the scaled and scaling 
operands respectively): 

• FSCALE(0,oo) generates the invalid operation 
exception. 

• FSCALE(finite, -<») generates zero with the 
same sign as the scaled operand. 

• FSCALE(finite, + °o) generates °o with the 
same sign as the scaled operand. 

The 8087/80287 returns zero in the first case 
and raises the invalid-operation exception in the 
other cases. 

15. The 80387 returns signed infinity/zero as the un- 
masked response to massive overflow/under- 
flow. The 8087 and 80287 support a limited 
range for the scaling factor; within this range ei- 
ther massive overflow/underflow do not occur or 
undefined results are produced. 

3.0 HARDWARE INTERFACE 

In the following description of hardware interface, 
the # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 



3.1 Signal Description 

In the following signal descriptions, the 80387 pins 
are grouped by function as follows: 

1. Execution control— CPUCLK2, NUMCLK2, CKM, 
RESETIN 

2. NPX handshake— PEREQ, BUSY#, ERROR # 

3. Bus interface pins— D31-D0, W/R#, ADS#, 
READY#, READYO# 

4. Chip/Port 
CMD0# 



Select— STEN, NPS1#, NPS2, 



5. Power supplies— Vcc. Vss 

Table 3.1 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char- 
acteristics. All output signals are tristate; they leave 
floating state only when STEN is active. The output 
buffers of the bidirectional data pins D31-D0 are 
also tristate; they leave floating state only in read 
cycles when the 80387 is selected (i.e. when STEN, 
NPS1 #, and NPS2 are all active). 

Figure 3.1 and Table 3.2 together show the location 
of every pin in the pin grid array. 
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Table 3.1. 80387 Pin Summary 



Pin 
Name 


Function 


Active 
State 


Input/ 
Output 


Referenced 
To 


CPUCLK2 
NUMCLK2 
CKM 
RESETIN 


386TM CPU CLocK 2 
80387 CLocK 2 
80387 CLocKing Mode 
System reset 


High 


I 
I 
I 
I 


CPUCLK2 


PEREQ 

BUSY# 
ERROR # 


Processor Extension 
REQuest 
Busy status 
Error status 


High 

Low 
Low 








CPUCLK2/STEN 

CPUCLK2/STEN 
NUMCLK2/STEN 


D31-D0 
W/R# 
ADS# 
READY # 
READYO# 


Data pins 

Write/ Read bus cycle 
ADdress Strobe 
Bus ready input 
Ready output 


High 

Hi/Lo 

Low 

Low 

Low 


I/O 

I 

I 
I 




CPUCLK2 • - 

CPUCLK2 

CPUCLK2 

CPUCLK2 

CPUCLK2/STEN 


STEN 
NPS1# 
NPS2 
CMD0# 


STatus ENable 
NPX select #1 
NPX select #2 
CoMmanD 


High 
Low 
High 
Low 


I 
I 
I 
I 


CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 


Vcc 

Vss 






I 
I 





NOTE 



nuic: 

STEN is referenced to only when getting the output pins into or out of tristate mode. 









Table 3.2. 80387 Pin Cross-Reference 








A2 


. — 


D9 


C11 





v S s 


J10 





Vss 


A3 


— 


D11 


D1 


— 


D5 


J11 


— 


CKM 


A4 


— 


D12 


D2 


— 


D4 


K1 


— 


PEREQ 


A5 


■ — 


D14 


D10 


— 


D24 


K2 


— 


BUSY# 


A6 


— 


Vcc 


D11 


— 


D25 


K3 


— 


Tie High 


A7 


__ 


D16 


E1 


— 


Vcc 


K4 


— 


W/R# 


A8 


— 


D18 


E2 


— 


Vss 


K5 


— 


Vcc 


A9 


— 


Vcc 


E10 


— 


D26 


K6 


— 


NPS2 


A10 


— 


D21 


E11 


— 


D27 


K7 


— 


ADS# 


B1 


— 


D8 


F1 


— 


v C c 


K8 


— 


READY # 


B2 


— 


Vss 


F2 


— ■ 


Vss 


K9 


— 


No Connect 


B3 


— 


D10 


F10 


— 


Vcc 


K10 


— 


CPUCLK2 


B4 


— 


Vcc 


F11 


_ 


Vss 


K11 


— 


NUMCLK2 


B5 


— 


D13 


G1 


— 


D3 


L2 


— 


ERROR # 


B6 


— 


D15 


G2 


— 


D2 


L3 


— 


READYO# 


B7 


— 


Vss 


G10 


— 


D28 


L4 


— 


STEN 


B8 


— 


D17 


G11 


— 


D29 


L5 


— 


Vss 


B9 


— 


D19 


H1 


— 


D1 


L6 


— 


NPS1# 


B10 


— 


D20 


H2 


— 


DO 


L7 


— 


Vcc 


B11 


— 


D22 


H10 


— 


D30 


L8 


— 


CMD0# 


C1 


— ' 


D7 


H11 


— 


D31 


L9 


— 


Tie High 


C2 


— 


D6 


J1 


— 


v S s 


L10 


— 


RESETIN 


C10 


— 


D23 


J2 


— 


Vcc 
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3.1.1 386TM CPU CLOCK 2 (CPUCLK2) 

This input uses the 386 CPU CLK2 signal to time the 
bus control logic. Several other 80387 signals are 
referenced to the rising edge of this signal. When 
CKM = 1 (synchronous mode) this pin also clocks 
the data interface and control unit and the floating- 
point unit of the 80387. This pin requires MOS-level 
input. The signal on this pin is divided by two to pro* 
duce the internal clock signal CLK. 



3.1.2 80387 CLOCK 2 (NUMCLK2) 

When CKM = (asynchronous mode) this pin pro- 
vides the clock for the data interface and control unit 
and the floating-point unit of the 80387. In this case, 
the ratio of the frequency of NUMCLK2 to the fre- 
quency of CRUGLK2 must lie within the range 10:16 
to 14:10. When CKM = 1 (synchronous mode) this 
pin is ignored; CPUCLK2 is used instead for the data 
interface and control unit and the floating-point unit. 
This pin requires TTL-level input. 

3.1.3 80387 CLOCKING MODE (CKM) 

This pin is a strapping option. When it is strapped to 
Vcc. the 80387 operates in synchronous mode; 





A B CD E F G H J K L 




1 

2 


Jr * + + + + + + + + 
♦ '+♦.♦,♦ + + + + *♦' 




3 


+ + ♦ + 




4 


'+'♦'■"' + ♦ 




5 


4 ♦ ♦ + 




6 


♦ + 80387 + ♦ 




7 


+ * ♦ '♦ ' 




8 


+ ♦,-■'■■ ♦ ♦ 




9 


♦ ♦ + ♦ 




10 


♦ +..♦-+. + + + + + + + 




11 


♦ ♦ + *♦♦♦♦ + 






231920-5 


PIN SIDE VIEW 
*Pin1 



Figure 3.1. 80387 Pin Configuration 

when strapped to Vss, the 80387 operates in asyn- 
chronous mode. These modes relate to clocking of 
the data interface and control unit and the floating- 
point unit only; the bus control logic always operates 
synchronously with respect to the 386 Microproces- 
sor. 
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Figure 3.2. Asynchronous Operation 



4-148 



inteT 



80387 



3.1.4 SYSTEM RESET (RESETIN) 

A LOW to HIGH transition on this pin causes the 
80387 to terminate its present activity and to enter a 
dormant state. RESETIN must remain HIGH for at 
least 40 NUMCLK2 periods. The HIGH to LOW tran- 
sitions of RESETIN must be synchronous with 
CPUCLK2, so that the phase of the internal clock of 
the bus control logic (which is the CPUCLK2 divided 
by 2) is the same as the phase of the internal clock 
of the 386 CPU. After RESETIN goes LOW, at least 
50 NUMCLK2 periods must pass before the first 
NPX instruction is written into the 80387. This pin 
should be connected to the 386 CPU RESET pin. 
Table 3.3 shows the status of other pins after a re- 
set. 

Table 3.3. Output Pin Status During Reset 



Pin Value 


Pin Name 


HIGH 


READYO#,BUSY# 


LOW 


PEREQ, ERROR # 


Tri-State OFF 


D31-D0 



3.1.5 PROCESSOR EXTENSION REQUEST 
(PEREQ) 

When active, this pin signals to the 386 CPU that the 
80387 is ready for data transfer to/from its data 
FIFO. When all data is written to or read from the 
data FIFO, PEREQ is deactivated. This signal al- 
ways goes inactive before BUSY# goes inactive. 
This signal is referenced to CPUCLK2. It should be 
connected to the 386 CPU PEREQ input. Refer to 
Figure 3.8 for the timing relationships between this 
and the BUSY# and ERROR # pins. 

3.1.6 BUSY STATUS (BUSY#) 

When active, this pin signals to the 386 CPU that the 
80387 is currently executing an instruction. This sig- 
nal is referenced to CPUCLK2. It should be connect- 
ed to the 386 CPU BUSY# pin. Refer to Figure 3.8 
for the timing relationships between this and the 
PEREQ and ERROR # pins. 



3.1.7 ERROR STATUS (ERROR #) 

This pin reflects the ES bits of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred (except that, immediately after a 
reset, it indicates to the 386 Microprocessor that an 
80387 is present in the system). This signal can be 
changed to inactive state only by the following in- 
structions (without a preceding WAIT): FN I NIT, 
FNCLEX, FNSTENV, and FNSAVE. This signal is 
referenced to NUMCLK2. It should be connected to 
the 386 CPU ERROR # pin. Refer to Figure 3.8 for 
the timing relationships between this and the PER- 
EQ and BUSY# pins. 

3.1.8 DATA PINS (D31-D0) 

These bidirectional pins are used to transfer data 
and opcodes between the 386 CPU and 80387. 
They are normally connected directly to the corre- 
sponding 386 CPU data pins. HIGH state indicates a 
value of one. DO is the least significant data bit. Tim- 
ings are referenced to CPUCLK2. 

3.1.9 WRITE/READ BUS CYCLE (W/R#) 

This signal indicates to the 80387 whether the 386 
CPU bus cycle in progress is a read or a write cycle. 
This pin should be connected directly to the 386 
CPU W/R# pin. HIGH indicates a write cycle; LOW, 
a read cycle. This input is ignored if any of the sig- 
nals STEN, NPS1 #, or NPS2 is inactive. Setup and 
hold times are referenced to CPUCLK2. 



3.1.10 ADDRESS STROBE (ADS#) 

This input, in conjunction with the READY # input 
indicates when the 80387 bus-control logic may 
sample W/R# and the chip-select signals. Setup 
and hold times are referenced to CPUCLK2. This pin 
should be connected to the 386 CPU ADS# pin. 
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3.1.11 BUS READY INPUT (READY#) 

This input indicates to the 80387 when a 386 CPU 
bus cycle is to be terminated. It is used by the bus- 
control logic to trace bus activities. Bus cycles can 
be extended indefinitely until terminated by 
READY #. This input should be connected to the 
same signal that drives the 386 CPU READY # in- 
put. Setup and hold times are referenced to 
CPUCLK2. 



3.1.12 READY OUTPUT (READYO#) 

This pin is activated at such a time that write cycles 
are terminated after two clocks and read cycles after 
three clocks. In configurations where no extra wait 
states are required, this pin must directly or indirectly 
drive the 386 CPU READY # input. Refer to section 
3.4 "Bus Operation" for details. This pin is activated 
only during bus cycles that select the 80387. This 
signal is referenced to CPUCLK2. 

3.1.13 STATUS ENABLE (STEN) 

This pin serves as a chip select for the 80387. When 
inactive, this pin forces BUSY#, PEREQ, ERROR #, 
and READYO# outputs into floating state. D31-D0 
are normally floating and leave floating state only if 
STEN is active and additional conditions are met. 
STEN also causes the chip to recognize its other 
chip-select inputs. STEN makes it easier to do on- 
board testing (using the overdrive method) of other 
chips in systems containing the 80387. STEN should 
be pulled up with a resistor so that it can be pulled 
down when testing. In boards that do not use on- 
board testing, STEN should be connected to Vco 
Setup and hold times are relative to CPUCLK2. Note 
that STEN must maintain the same setup and hold 
times as NPS1 #, NPS2, and CMD0# (i.e. if STEN 
changes state during an 80387 bus cycle, it should 
change state during the same CLK period as the 
NPS1 #, NPS2, and CMD0# signals). 

3.1.14 NPX Select #1 (NPS1#) 

When active (along with STEN and NPS2) in the first 
period of a 386 CPU bus cycle, this signal indicates 
that the purpose of the bus cycle is to communicate 



with the 80387. This pin should be connected direct- 
ly to the 386 CPU M/IO# pin, so that the 80387 is 
selected only when the 386 CPU performs I/O cy- 
cles. Setup and hold times are referenced to 
CPUCLK2. 

3.1.1.5 NPX SELECT #2 (NPS2) 

When active (along with STEN and NPS1 #) in the 
first period of an 386 CPU bus cycle, this signal indi- 
cates that the purpose of the bus cycle is to commu- 
nicate with the 80387. This pin should be connected 
directly to the 386 CPU A31 pin, so that the 80387 is 
selected only when the 386 CPU uses one of the 
I/O addresses reserved for the 80387 (800000F8 or 
800000FC). Setup and hold times are referenced to 
CPUCLK2. 

3.1.16 COMMAND (CMD0#) 

During a write cycle, this signal indicates whether an 
opcode (CMD0# active) or data (CMD0.# inactive) 
is being sent to the 80387. During a read cycle, it 
indicates whether the control or status register 
(CMD0# active) or a data register (CMD0# inactive) 
is being read. CMD0# should be connected directly 
to the A2 output of the 386 Microprocessor. Setup 
and hold times are referenced to CPUCLK2. 



3.2 Processor Architecture 

As shown by the block diagram on the front page, 
the NPX is internally divided into three sections: the 
bus control logic (BCL), the data interface and con- 
trol unit, and the floating point unit (FPU). The FPU 
(with the support of the control unit which contains 
the sequencer and other support units) executes all 
numerics instructions. The data interface and control 
unit is responsible for the data flow to and from the 
FPU and the control registers, for receiving the in- 
structions, decoding them, and sequencing the mi- 
croinstructions, and for handling some of the admin- 
istrative instructions. The BCL is responsible for the 
386 CPU bus tracking and interface. The BCL is the 
only unit in the 80387 that must run synchronously 
with the 386 CPU; the rest of the 80387 can run 
asynchronously with respect to the 386 Microproc- 
essor. 
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3.2.1 BUS CONTROL LOGIC 

The BCL communicates solely with the CPU using 
I/O bus cycles. The BCL appears to the CPU as a 
special peripheral device. It is special in two re- 
spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served I/O addresses to communicate with the BCL. 
The BCL does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80387 and 
transferring outputs from the 80387 to memory. 

3.2.2 DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCL control, directs the data to the 
FIFO or the instruction decoder. The instruction de- 
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se- 
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FCLEX, FSTSW, 
FSTSW AX, or FSTCW, the control executes it inde- 



pendently of the FPU and the sequencer. The data 
interface and control unit is the one that generates 
the BUSY#, PEREQ and ERROR # signals that syn- 
chronize 80387 activities with the 386 CPU. It also 
supports the FPU in all operations that it cannot per- 
form alone (e.g. exceptions handling, transcendental 
operations, etc.). 

3.2.3 FLOATING POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen- 
dental, constant, and data transfer instructions. The 
data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high j 



3.3 System Configuration 

As an extension to the 386 Microprocessor, the 
80387 can be connected to the CPU as shown by 
Figure 3.3. A dedicated communication protocol 
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Figure 3.3. 386tm Microprocessor and 80387 Coprocessor System Configuration 
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Table 3.4. Bus Cycles Definition 



STEN 


NPS1# 


NPS2 


CMD0# 


W/R# 


Bus Cycle Type 





X 


X 


X 


X 


80387 not selected and all 
outputs in floating state 


1 


1 


X 


X 


X 


80387 not selected 


1 


X 





X 


X 


80387 not selected 


1 





1 








CW or SW read from 80387 


1 





1 





1 


Opcode write to 80387 


1 





1 


1 





Data read from 80387 


1 





1 


1 


1 


Data write to 80387 



makes possible high-speed transfer of opcodes and 
operands between the 386 CPU and 80387. The 
80387 is designed so that no additional components 
are required for interface with the 386 CPU. The 
80387 shares the 32-bit wide local bus of the 386 
CPU and most control pins of the 80387 are con- 
nected directly to pins of the 386 Microprocessor. 

3.3.1 BUS CYCLE TRACKING 

The ADS# and READY # signals allow the 80387 to 
track the beginning and end of the 386 CPU bus 
cycles, respectively. When ADS# is asserted at the 
same time as the 80387 chip-select inputs, the bus 
cycle is intended for the 80387. To signal the end of 
a bus cycle for the 80387, READY # may be assert- 
ed directly or indirectly by the 80387 or by other bus- 
control logic. Refer to Table 3.4 for definition of the 
types of 80387 bus cycles. 

3.3.2 80387 ADDRESSING 

The NPS1 #, NPS2 and STEN signals allow the NPX 
to identify which bus cycles are intended for the 
NPX. The NPX responds only to I/O cycles when bit 
31 of the I/O address is set. In other words, the NPX 
acts as an I/O device in a reserved I/O address 
space. 

Because A3.1 is used to select the 80387 for data 
transfers, it is not possible for a program running on 
the 386 CPU to address the 80387 with an I/O in- 
struction. Only ESC instructions cause the 386 Mi- 
croprocessor to communicate with the 80387. The 
386 CPU BS16# input must be inactive during I/O 
cycles when A31 is active. 

3.3.3 FUNCTION SELECT 

The CMD0# and W/R# signals identify the four 
kinds of bus cycle: control or status register read, 
data read, opcode write, data write. 



3.3.4 CPU/NPX Synchronization 

The pin pairs BUSY#, PEREQ, and ERROR # are 
used for various aspects of synchronization between 
the CPU and the NPX. 

BUSY# is used to synchronize instruction transfer 
from the 386 CPU to the 80387. When the 80387 
recognizes an ESC instruction, it asserts BUSY#. 
For most ESC instructions, the 386 CPU waits for 
the 80387 to deassert BUSY# before sending the 
new opcode. 

The NPX uses the PEREQ pin of the 386 CPU to 
signal that the NPX is ready for data transfer to or 
from its data FIFO. The NPX does not directly ac- 
cess memory; rather, the 386 Microprocessor pro- 
vides memory access services for the NPX. Thus, 
memory access on behalf of the NPX always obeys 
the rules applicable to the mode of the 386 CPU, 
whether the 386 CPU be in real-address mode or 
protected mode. 

Once the 386 CPU initiates an 80387 instruction that 
has operands, the 386 CPU waits for PEREQ signals 
that indicate when the 80387 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the 386 CPU 
continues program execution while the 80387 exe- 
cutes the ESC instruction. . 

In 8086/8087 systems, WAIT instructions may be 
required to achieve synchronization of both com- 
mands and operands. In 80286/80287, 386 Micro- 
processor and 80387 Coprocessor systems, WAIT 
instructions are required only for operand synchroni- 
zation; namely, after NPX stores to memory (except 
FSTSW and FSTCW) or loads from memory. Used 
this way, WAIT ensures that the value has already 
been written or read by the NPX before the CPU 
reads or changes the value. 
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Once it has started to execute a numerics instruction 
and has transferred the operands from the 386 CPU, 
the 80387 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR # signal, 
which causes a 386 CPU interrupt. 

3.3.5 SYNCHRONOUS OR ASYNCHRONOUS 
MODES 

The internal logic of the 80387 (the FPU) can either 
operate directly from the CPU clock (synchronous 
mode) or from a separate clock (asynchronous 
mode). The two configurations are distinguished by 
the CKM pin. In either case, the bus control logic 
(BCL) of the 80387 is synchronized with the CPU 
clock. Use of asynchronous mode allows the 386 
CPU and the FPU section of the 80387 to run at 
different speeds. In this case, the ratio of the fre- 
quency of NUMCLK2 to the frequency of CPUCLK2 
must lie within the range 10:16 to 14:10. Use of syn- 
chronous mode eliminates one clock generator from 
the board design. 

3.3.6 AUTOMATIC BUS CYCLE TERMINATION 

In configurations where np extra wait states are re- 
quired, READYO# can be used to drive the 386 
CPU READY # input. If this pin is used, it should be 
connected to the logic that ORs all READY outputs 
from peripherals on the 386 CPU bus. READYO# is 
asserted by the 80387 only during I/O cycles that 
select the 80387. Refer to section 3.4 "Bus Opera- 
tion" for details. 



3.4 Bus Operation 

With respect to the bus interface, the 80387 is fully 
synchronous with the 386 Microprocessor. Both op- 
erate at the same rate, because each generates its 
internal CLK signal by dividing CPUCLK2 by two. 

The 386 CPU initiates a new bus cycle by activating 
ADS #. The 80387 recognizes a bus cycle, if, during 
the cycle in which ADS# is activated, STEN, 
NPS1#, and NPS2 are all activated. Proper opera- 
tion is achieved if NPS1 # is connected to the 
M/IO# output of the 386 CPU, and NPS2 to the A31 
output. The 386 CPU's A31 output is guaranteed to 
be inactive in all bus cycles that do not address the 
80387 (i.e. I/O cycles to other devices, interrupt ac- 
knowledge, and reserved types of bus cycles). Sys- 
tem logic must not signal a 16-bit bus cycle via the 
386 CPU BS16# input during I/O cycles when A31 
is active. 



During the CLK period in which ADS# is activated, 
the 80387 also examines the W/R# input signal to 
determine whether the cycle is a read or a write cy- 
cle and examines the CMD0# input to determine 
whether an opcode, operand, or control/status reg- 
ister transfer is to occur. 

The 80387 supports both pipelined and nonpipe- 
lined bus cycles. A nonpipelined cycle is one for 
which the 386 CPU asserts ADS# when no other 
80387 bus cycle is in progress. A pipelined bus cycle 
is one for which the 386 CPU asserts ADS# and 
provides valid next-address and control signals as 
soon as in the second CLK period after the ADS# 
assertion for the previous 386 CPU bus cycle. Pipe- 
lining increases the availability of the bus by at least 
one CLK period. The 80387 supports pipelined bus 
cycles in order to optimize address pipelining by the 
386 CPU for memory cycles. 

Bus operation is described in terms of an abstract 
state machine. Figure 3.4 illustrates the states and 
state transitions for 80387 bus cycles: 

• T| is the idle state. This is the state of the bus 
logic after RESET, the state to which bus logic 
returns after evey nonpipelined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 

• Trs is the READY # sensitive state. Different 
types of bus cycle may require a minimum of one 
or two successive Trs states. The bus logic re- 
mains in Trs state until READY # is sensed, at 
which point the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY #, thereby causing additional successive 
Trs states. 

• Tp is the first state for every pipelined bus cycle. 
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Figure 3.4. Bus State Diagram 
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The READYO# output of the 80387 indicates when 
a bus cycle for the 80387 may be terminated if no 
extra wait states are required. For all write cycles 
(except those for the instructions FLDENV and 
FRSTOR), READYO# is always asserted in the first 
Trs state, regardless of the number of wait states. 
For all read cycles and write cycles for FLDENV and 
FRSTOR, READYO# is always asserted in the sec- 
ond Trs state, regardless of the number of wait 
states. These rules apply to both pipelined and non- 
pipelined cycles. Systems designers must use 
READYO# in one of the following ways: 

1. Connect it (directly or through logic that ORs 
READY signals from other devices) to the 
READY# inputs of the 386 CPU and 80387. 

2. Use it as one input to a wait-state generator. 

The following sections illustrate different types of 
80387 bus cycles. 

Because different instructions have different 
amounts of overhead before, between, and after op- 
erand transfer cycles, it is not possible to represent 
in a few diagrams all of the combinations of succes- 
sive operand transfer cycles. The following bus-cy- 
cle diagrams show memory cycles between 80387 
operand-transfer cycles. Note however that, during 
the instructions FLDENV, FSTENV, FSAVE, and 
FRSTOR, some consecutive accesses to the NPX 
do not have intervening memory accesses. For the 
timing relationship between operand transfer cycles 
and opcode write or other overhead activities, see 
Figure 3.8. 



3.4.1 NONPIPELINED BUS CYCLES 

Figure 3.5 illustrates bus activity for consecutive 
nonpipelined bus cycles. 



3.4.1.1 Write Cycle 

At the second clock of the bus cycle, the 80387 en- 
ters the Trs (READY # -sensitive) state. During this 
state, the 80387 samples the READY # input and 
stays in this state as long as READY # is inactive. 



In write cycles, the 80387 drives the READYO# sig- 
nal for one CLK period beginning with the second 
CLK of the bus cycle; therefore, the fastest write 
cycle takes two CLK cycles (see cycle 2 of Figure 
3.5). For the instructions FLDENV and FRSTOR, 
however, the 80387 forces a wait state by delaying 
the activation of READYO# to the second Trs cy- 
cle (not shown in Figure 3.5). 

When READY# is asserted the 80387 returns to the 
idle state, in which ADS# could be asserted again 
by the 386 Microprocessor for the next cycle. 



3.4.1.2 Read Cycle 

At the second clock of the bus cycle, the 80387 en- 
ters the Trs state. See Figure 3.5. In this state, the 
80387 samples the READY # input and stays in this 
state as long as READY # is inactive. 

At the rising edge of CLK in the second clock period 
of the cycle, the 80387 starts to drive the D31-D0 
outputs and continues to drive them as long as it 
stays in Trs state. 

In read cycles that address the 80387, at least one 
wait state must be inserted to insure that the 386 
CPU latches the correct data. Since the 80387 starts 
driving the system data bus only at the rising edge of 
CLK in the second clock period of the bus cycle, not 
enough time is left for the data signals to propagate 
and be latched by the 386 CPU at the falling edge 
of the same clock period. The 80387 drives the 
READYO# signal for one CLK period in the third 
CLK of the bus cycle. Therefore, if the READYO# 
output is used to drive the 386 CPU READY# input, 
one wait state is inserted automatically. 

Because one wait state is required for 80387 reads, 
the minimum is three CLK cycles per read, as cycle 
3 of Figure 3.5 shows. 

When READY# is asserted the 80387 returns to the 
idle state, in which ADS# could be asserted again 
by the 386 CPU for the next cycle. The transition 
from Trs state to idle state causes the 80387 to put 
the tristate D31-D0 outputs into the floating state, 
allowing another device to drive the system data 
bus. 
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Figure 3.5. Nonpipelined Read and Write Cycles 



3.4.2 PIPELINED BUS CYCLES 

Because all the activities of the 80387 bus interface 
occur either during the Trs state or during the tran- 
sitions to or from that state, the only difference be- 
tween a pipelined and a nonpipelined cycle is the 
manner of changing from one state to another. The 
exact activities in each state are detailed in the pre- 
vious section "Nonpipelined Bus Cycles". 

When the 386 CPU asserts ADS# before the end of 
a bus cycle, both ADS# and READY # are active 
during a Trs state. This condition causes the 80387 
to change to a different state named Tp. The 80387 
activities in the transition from a Trs state to a Tp 
state are exactly the same as those in the transition 
from a Trs state to a T| state in nonpipelined cycles. 



Tp state is metastable; therefore, one clock period 
later the 80387 returns to Trs state. In consecutive 
pipelined cycles, the 80387 bus logic uses only Trs 
and Tp states. 

Figure 3.6 shows the fastest transition into and out 
of the pipelined bus cycles. Cycle 1 in this figure 
represents a nonpipelined cycle. (Nonpipelined write 
cycles with only one Trs state (i.e. no wait states) 
are always followed by another nonpipelined cycle, 
because READY # is asserted before the earliest 
possible assertion of ADS# for the next cycle.) 

Figure 3.7 shows the pipelined write and read cycles 
with one additional Trs states beyond the minimum 
required. To delay the assertion of READY # re- 
quires external logic. 
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3.4.3 BUS CYCLES OF MIXED TYPE 

When the 80387 bus logic is in the Trs state, it dis- 
tinguishes between nonpipelined and pipelined cy- 
cles according to the behavior of ADS# and 
READY#. In a nonpipelined cycle, only READY # is 
activated, and the transition is from Trs to idle state. 
In a pipelined cycle, both READY # and ADS# are 
active and the transition is first from Trs state to Tp 
state then, after one clock period, back to Trs state. 



3.4.4 BUSY# AND PEREQ TIMING 
RELATIONSHIP 

Figure 3.8 shows the activation of BUSY# at the 
beginning of instruction execution and its deactiva- 
tion after execution of the instruction is complete. 
PEREQ is activated in this interval. If ERROR # (not 
shown in the diagram) is ever asserted, it would oc- 
cur at least six CPUCLK2 periods after the deactiva- 
tion of PEREQ and at least six CPUCLK2 periods 
before the deactivation of BUSY#. Figure 3.8 shows 
also that STEN is activated at the beginning of a bus 
cycle. 
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Cycle 1 -Cycle 4 represent the operand transfer cycle for an instruction involving a transfer of two 32-bit loads in total. 
The opcode write cycles and other overhead are not shown. 

Note that the next cycle will be a pipelined cycle if both READY # and ADS # are sampled active at the end of a Trs 
state of the current cycle. 



Figure 3.6. Fastest Transitions to and from Pipelined Cycles 
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1.7. Pipelined Cycles with Wait States 
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NOTES: 

1 . Instruction dependent. 

2. PEREQ is an asynchronous input to the 386tm Microprocessor; it may not be asserted (instruction dependent). 

3. More operand transfers. 

4. Memory read (operand) cycle is not shown. 



Figure 3.8. STEN, BUSY* and PEREQ Timing Relationship 
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4.0 MECHANICAL DATA 



68 LEAD CERAMIC PIN GRID ARRAY PACKAGE INTEL TYPE A 



1.65 
REF. 
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45° CHAMFER 
(INDEX CORNER) 



0000©0©00\ J t 

SWAGGED ^ I 
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(4 PL) 
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Family: Ceramic Pin Grid Array Package 


Symbol 


Millimeters 


Inches 


Min 


Max 


Notes 


Min 


Max 


Notes 


A 


3.56 


4.57 
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A1 


0.76 


1.27 
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Solid Lid 
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Figure 4.1. Package Description 
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5.0 ELECTRICAL DATA 

5.1 Absolute Maximum Ratings* 

Case Temperature Tc 

Under Bias -65°C to + 1 10°C 

Storage Temperature -65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground -0.5 to Vcc + 0.5V 

Power Dissipation 1 .5W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



5.2 D.C. Characteristics 





Table 5.1. DC Specifications Tc = 


= 0° to 80°C, V C c 


j = 5V + 5% 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input LO Voltage 


-0.3 


+ 0.8 


V 


(Notel) 


V| H 


Input HI Voltage 


2.0 


Vcc + 0.3 


V 


(Notel) 


V C L 


CPUCLK2 Input LO Voltage 


-0.3 


+ 0.8 


V 




VCH 


CPUCLK2 Input HI Voltage 


3.7 


V C C +0.3 


V 




Vol 


Output LO Voltage 




0.45 


V 


(Note 2) 


VOH 


Output HI Voltage 


2.4 




V 


(Note 3) 


ice 


Supply Current 












NUMCLK2 = 32 MHz(4) 




250 


mA 


•cc tyP- = 1 50 mA 




NUMCLK2 = 40 MHz(4) 




310 


mA 


'cctyp. = 190 mA 




NUMCLK2 = 50 MHz(4) 




390 


mA 


Ice typ. = 250 mA 


Ili 


Input Leakage Current 




+ 15 


juA 


0V <, V, N ^ V C c 


Ilo 


I/O Leakage Current 




+ 15 


juA 


0.45V <. V ^ V C c 


C| N 


Input Capacitance 




10 


PF 


fc = 1 MHz 


Co 


I/O or Output Capacitance 




12 


PF 


fc= 1 MHz 


CdK 


Clock Capacitance 




20 


PF 


fc = 1 MHz 



NOTES: 

1. This parameter is for all inputs, including NUMCLK2 but excluding 386CLK2. 

2. This parameter is measured at Iql as follows: 
data = 4.0 mA 

READYO# = 2.5 mA 

ERROR#, BUSY#, PEREQ = 2.5 mA 

3. This parameter is measured at Ioh as follows: 
data = 1.0 mA 

READYO# = 0.6 mA 

ERROR#, BUSY#, PEREQ = 0.6 mA 

4. Ice is measured at steady state, maximum capacitive loading on the outputs, and worst-case DC level at the inputs; 
386CLK2 at the same frequency as NUMCLK2. 
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5.3 A.C. Characteristics 

Table 5.2a. Combinations of Bus Interface and Execution Speeds 



Speed Combinations 


Functional Block 


80387-16 


80387-20 


80387-25 


Bus Interface Unit (MHz) 
Execution Unit (MHz) 


16 
16 


20 
20 


25 
25 



Table 5.2b. Timing Requirements of the Execution Unit 
T c = 0°C to +80°C, V C c = 5V ±5% 









16 MHz 


20 MHz 


25 MHz 






Pin 


Symbol 


Parameter 


1.5V 


1.5V 


1.5 V Preliminary 


Test 
Conditions 


Figure 
Reference 


Min 


Max 


Min 


Max 


Min 


Max 








(ns) 


(ns) 


(ns) 


(ns) 


(ns) 


(ns) 






NUMCLK2 


ti 


Period 


31.25 


125 


25 


125 


20 


125 


2.0V 


5.1 


NUMCLK2 


t2a 


High Time 


9 




8 




7 




2.0V 




NUMCLK2 


t2b 


High Time 


5 




5 




4 




3.7V 




NUMCLK2 


t3a 


Low Time 


9 




8 




7 




2.0V 




NUMCLK2 


t3b 


Low Time 


7 




6 




5 




0.8V 




NUMCLK2 


t4 


Fall Time 




8 




8 




7 


3.7V to 0.8V 




NUMCLK2 


t5 


Rise Time 




8 




8 




7 


0.8V to 3.7V 





Table 5.2c. Timing Requirements of the Bus Interface Unit 
T c = 0°C to + 80°C, V C c = 5V ± 5% 









16 MHz 


20 MHz 


25 MHz 






Pin 


Symbol 


Parameter 


1.5V 


1.5 V 


1.5V Preliminary 


Test 
Conditions 


Figure 
Reference 


Min 


Max 


Min 


Max 


Min 


Max 








(ns) 


(ns) 


(ns) 


(ns) 


(ns) 


(ns) 






CPUCLK2 


t1 


Period 


31.25 


125 


25 


125 


20 


125 


2.0V 


5.1 


CPUCLK2 


t2a 


High Time 


9 




8 




7 




2.0V 




CPUCLK2 


t2b 


High Time 


5 




5 




4 




3.7V 




CPUCLK2 


t3a 


Low Time 


9 




8 




7 




2.0V 




CPUCLK2 


t3b 


Low Time 


7 




6 




5 




0.8V 




CPUCLK2 


t4 


Fall Time 




8 




8 




7 


3.7V to 0.8V 




CPUCLK2 


t5 


Rise Time 




8 




8 




7 


0.8V to 3.7V 




CPUCLK2/ 




Ratio 


10/16 


14/10 


10/16 


14/10 


10/16 


14/10 






NUMCLK2 






















READYO# 


t7 


Out Delay 


3 


34 


3 


31 


3 


24 


C L = 75 pFt 


5.2 


READYO# 


t7 


Out Delay 


4 


31 


3 


27 


3 


21 


C L = 25pF 




PEREQ0) 


t7 


Out Delay 


5 


34 


5 


34 


4 


33 


C L = 75 pFt 




BUSY# (1) 


t7 


Out Delay 


5 


34 


5 


29 


4 


29 


C L = 75 pFf 




BUSY# 0.2) 


t7 


Out Delay 


N/A 


N/A 


N/A 


N/A 


4 


27 


C L = 25 pF 




ERROR# 0) 


t7 


Out Delay 


5 


34 


5 


34 


4 


33 


C L = 75 pFt 




D31-D0 


t8 


Out Delay 


1 


54 


1 


54 





50 


C L = 120pFt 


5.3 


D31-D0 


t10 


Setup Time 


11 




11 




11 








D31-D0 


t11 


Hold Time 


11 




11 




11 








D31-D0 0) 


t12* 


Float Time 


6 


33 


6 


27 


5 


24 


C L = 120pFt 




PEREQ 0) 


t13* 


FloatTime 


1 


60 


1 


50 


1 


40 


C L = 75 pFt 


5.5 


BUSY#(3) 


t13* 


Float Time 


1 


60 


1 


50 


1 


40 


C L = 75 pFt 




ERROR # (3) 


t13* 


Float Time 


1 


60 


1 


50 


1 


40 


C L = 75 pFt 




READYO# (3) 


t13* 


Float Time 


1 


60 


1 


50 


1 


40 


C L = 75 pFt 





*Float condition occurs when maximum output current becomes less than Ilo ' n magnitude. Float delay is not tested. 
tFor 25 MHz, C L = 50 pF. 
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Table 5.2c. Timing Requirements of the Bus Interface Unit (Continued) 








Tc = o CtO+80 o C,V C c 


= 5V ±5% 








16 MHz 


20 MHz 


25 MHz 






Pin 


Symbol 


Parameter 


1.5V 


1.5V 


1.5V Preliminary 


Test 
Conditions 


Figure 
Reference 


Min 


Max 


Min 


Max 


Min 


Max 








(ns) 


(ns) 


(ns) 


(ns) 


(ns) 


(ns) 






ADS# 


t14 


Setup Time 


26 




21 




16 






5.3 


ADS# 


t15 


Hold Time 


5 




5 




4 








W/R# 


t14 


Setup Time 


26 




21 




16 








W/R# 


t15 


Hold Time 


5 




5 




4 








READY # (4) 


t16 


Setup Time 


21 




12 




9 








READY# 


t17 


Hold Time 


4 




4 




4 








CMD0# 


t16 


Setup Time 


21 




19 




16 








CMD0# 


t17 


Hold Time 


2 




2 




4 








NPS1# 


t16 


Setup Time 


21 




19 




16 








NPS2 






















NPS1# 


t17 


Hold Time 


2 




2 




4 








NPS2 






















STEN 


t16 


Setup Time 


21 




21 




15 








STEN 


t17 


Hold Time 


2 




2 




2 








RESETIN 


t18 


Setup Time 


13 


^ 


12 




10 






5.4 


RESETIN 


t19 


Hold Time 


4 




4 




3 









NOTES: 






1. 




Min 
(ns) 


PEREQ,BUSY#, 


ERROR # 




Out Delay 




4 



P T c = 0°C 
4 @ T c = 85°C 

2. Not tested at 25 pF. 

3. Float delay is not tested. Float condition occurs when maximum output current becomes less than l|_o in magnitude. 

4. Min 
(ns) 

ti 6 Ready Setup t 16 = 2CLK2 min - t 18 (82385) max - LOGIC max 
where: 

CLK2 min = 20 ns (period of 386 CLK2 input at 25 MHz) 
t 18 (82385) = 82385 READYO# Valid Delay 
LOGIC m ax = 10 ns (D-PAL) 











READY 0#, PER 
BUSY#, ERROR 


:q 






^" 










X*D31-D0 























*nom - nominal value 



> 150 

231920-19 



NOTE: 

This graph will not be linear outside of the Cl range 
shown. 









8 
6 

4 
2 








^ 






D31-D0 
















READY 6#, 


PEREQ, BUSY#, Ef 


R0R# 










5 

NOTE 

This ( 
showi 


75 100 125 13 

231920- 

graph will not be linear outside of the C|_ ra 




20 

nge 



Figure 5.0b. Typical Output Rise Time vs Load 
Capacitance at Max Operating Temperature 



Figure 5.0a. Typical Output Valid Delay vs Load 
Capacitance at Max Operating Temperature 
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VIH/VCH (MIN) 4- VIH/VCH 



CPUCLK2/387CLK2 / j*—^ ) — J\ ^ 






1 .4V/2.0V -/- 1 .4V/2.0V V 

y \ 



*4 V 



x 3b" 



0.8V 0.8V- 




X 3<T 



-*- MIN DELAY 



OUTPUTS 



"V" 
_A1 



SETUP 
" TIME ~ 



VIH/VCH (MIN) 
1.4V/2.0V 



HOLD 
"TIME 



1.5V 
INPUTS 



5 ^ i y 

ts> ' f 



- MAX DELAY 



Figure 5.1. CPUCLK2/387CLK2 Waveform and Measurement Points for 
Input/Output A.C. Specifications 



(CLK) (PH2) 



\ '"" / 



(PH2) 



CPUCLK2 




*— 1 7 MAX—* 

-*-t 7 minH 



(OUTPUTS) J^ 



3BC 



(ERR0R# REFERENCED TO 387CLK2) 



231920-14 



Figure 5.2. Output Signals 
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(CLK) \ (PHI) / (PH2) \ (PHI) / (PH2) \ 



ADS# 



W/R# 



NPS1#,NPS2, 

STEN, 

CMD0# 



READY# 



D0-D31 
(INPUT) 



D0-D31 
(OUTPUT) 




b" 1 — tH 



)C 



|*-*17 



-i 



- — *17 — ^ f" *16 4*~ tl7 ~*l 

) « IK 



I"*— *io— *|— *ii-*-| 



t 8 MIN- 



^12 





Figure 5.3. Input and I/O Signals 






(CLK) 




\ — / 


( (PH2) 


231920-16 


/ (PH1 or PH2) 


CPUCLK2 -i 


' 2.0V \ -j 
*19 \- H *18 


' 2.0V \ / 


RESET 

NOTE: 

The second internal processor phase fol 


VVAVvV 


owing RESET high to low transition is PH2. 





Figure 5.4. RESET Signal 






STEN 

D0-D31.PEREQ 
BUSY#,ERROR#,READY0# 




231920- 


-17 


I* *13 — H L — *13 — H 

. — - 4 if 



Figure 5.5. Float from STEN 
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Table 5.3. Other Parameters 



Pin 


Symbol 


Parameter 


Mln 


Max 


Units 


RESETIN 


t30 


Duration 


40 




NUMCLK2 


RESETIN 


t31 


RESETIN Inactive to 1st Opcode Write 


50 




NUMCLK2 


BUSY# 


t32 


Duration 


6 




CPUCLK2 


BUSY#,ERROR# 


t33 


ERROR # (In) Active to BUSY # Inactive 


6 




CPUCLK2 


PEREQ, ERROR # 


t34 


PEREQ Inactive to ERROR # Active 


6 




CPUCLK2 


READY#, BUSY# 


t35 


READY # Active to BUSY# Active 


4 


4 


CPUCLK2 


READY# 


t36 


Minimum Time from Opcode Write to 
Opcode/Operand Write 


6 




CPUCLK2 


READY# 


t37 


Minimum Time from Operand Write to 
Operand Write 


8 




CPUCLK2 



1 st OPCODE . 1 st OPERAND 2 ND OPERAND 






WRITE 


INUIL 1 


WRITE 


WRITE (NOTE)) 




CPUCLK2 


inj 


Ul 


Ul 


m 


"Ul 


Ul 


UIJ 


Ul 


UIJ 


Ul 


Ul 


Ul 


Ul 


(CLK) 

h~ t3 

RESET 

r 


vr 

"A 




vr 

♦ 


vr 


VT 


vr 


trrir 


vr 


V 


vr 

m it 


V 


< tli h 


\r 

- ♦_ 


-55 — 


51 * 


— Vr— 






*36 

-55-45- 




-45— 




57 * 

-45 — 


*-*34 "*" 

—45— 


•*- , 33-* p 

-45— 


ADS# 




-*v— 


\ 


r 






-45-55- 

tt ft 


\ 


r 


\ 


r 


—55— 

tt 


-45— 

tt 


READY# 
BUSY# 




<<• 




\ 


r 




-55-55- 




—55— 


J 


-45 — 


f 

—55— 


J~ 










\ 


PEREQ 




-55 — 




—55- 






/ 




—55— 




A 


—55— 


-55— 


ERR0R# 




-55 — 




— 55- 


*_ 




-**-$*■ 




—45— 


t_^ 


Hfr— 


^ 


-55— 


-oo ■ ■■"■ m o& 

1 .. 

231S 
* In NUMCLK2*s 


120-18 


** or last operand 


NOTE: 


1 . Memory read (operand) cycle is not shown. 



Figure 5.6. Other Parameters 
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Instruction 


Optional 
Fields 






First Byte 


Second Byte 


1 


11011 


OPA 


1 


MOD 


1 


OPB 


R/M 


SIB 


DISP 


2 


11011 


MF 


OPA 


MOD 


OPB 


R/M 


SIB 


DISP 


3 


11011 


d 


P 


OPA 


1 


1 


OPB 


ST© 






4 


11011 








1 


1 


1 


1 


OP 




5 


11011 





1 


1 


1 


1 


1 


OP 



10 



4 3 2 10 



6.0 80387 EXTENSIONS TO THE 
386TM CPU INSTRUCTION SET 

Instructions for the 80387 assume one of the five 
forms shown in the following table. In all cases, in- 
structions are at least two bytes long and begin with 
the bit pattern 1 101 1 B, which identifies the ESCAPE 
class of instruction. Instructions that refer to memory 
operands specify addresses using the 386 CPU ad- 
dressing modes. 

OP = Instruction opcode, possible split into two 
fields OPA and OPB 

MF = Memory Format 
00— 32-bit real 
01— 32-bit integer 
10— 64-bit real 
11— 16-bit integer 

P = Pop 

0— Do not pop stack 

1 — Pop stack after operation 

ESC = 11011 

d = Destination 

0— Destination is ST(0) 
1 — Destination is ST(i) 

R XOR d = 0— Destination (op) Source 
R XOR d = 1— Source (op) Destination 



ST(i) = Register stack element / 

000 = Stack top 

001 = Second stack element 



111= Eighth stack element 

MOD (Mode field) and R/M (Register/ Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of the 386 Microprocessor instruc- 
tions (refer to 386~tm Microprocessor Programmer's 
Reference Manual). 

SIB (Scale Index Base) byte and DISP (displace- 
ment) are optionally present in instructions that have 
MOD and R/M fields. Their presence depends on 
the values of MOD and R/M, as for 386 Microproc- 
essor instructions. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quest delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. If the instruction has MOD and R/M fields 
that call for both base and index registers, add one 
clock. 
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80387 Extensions to the 386tm CPU Instruction Set 








Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 

1 


Optional 
Bytes 2-6 


32-Bit 
Real 


32-Bit 
Integer 


64-Bit 
Real 


16-Bit 
Integer 


DATA TRANSFER 

FLD = Loada 
Integer/real memory to ST(0) 

Long integer memory to ST(0) 

Extended real memory to ST(0) 

BCD memory to ST(0) 

ST(i) to ST(0) 
FST = Store 

ST(0) to integer/real memory 

ST(0) to ST(i) 
FSTP = Store and Pop 

ST(0) to integer/real memory 

ST(0) to long integer memory 

ST(0) to extended real 

ST(0) to BCD memory 

ST(0) to ST(i) 
FXCH — Exchange 

ST(i) and ST(0) 
COMPARISON 
FCOM = Compare 

Integer/real memory to ST(0) 

ST(i)toST(0) 

FCOMP = Compare and pop 
Integer/real memory to ST 

ST(i) to ST(0) 
FCOMPP = Compare and pop twice 

ST(1)toST(0) 

FTST = Test ST(0) 

FUCOM = Unordered compare 

FUCOMP * Unordered compare 
and pop 

FUCOMPP m unoriaraaf compare 
andpoptw/ice 

FXAM = Examine ST(0) 

CONSTANTS 

FLDZ = Load +0.0 into ST(0) 

FLD1 = Load +1.0 into ST(0) 

FLDPI = Load pi into ST(0) 

FLDL2T = Load log 2 (10) into ST(0) 








20 

44 
44 

26 
26 


45-52 25 

56-67 

44 

266-275 

14 

79-93 45 
11 

79-93 45 

80-97 

53 

512-534 

12 

18 

56-63 31 
24 

56-63 31 
26 

26 
28 
24 

■ 26 . 

26 

30-38 

20 
24 
40 
40 


61-65 

82-95 
82-95 

71-75 
71-75 


ESC MF 1 


MOD 000 R/M 


SIB/DISP 








ESC 111 


MOD 101 R/M 


SIB/DISP 








ESC 011 


MOD 101 R/M 


SIB/DISP 








ESC 111 


MOD 100 R/M 


SIB/DISP 








ESC 001 


11000ST(i) 






ESC MF 1 


MOD 010 R/M 


SIB/DISP 








ESC 101 


11010ST(i) 






ESC MF 1 


MOD 011 R/M 


SIB/DISP 








ESC 111 


MOD 111 R/M 


SIB/DISP 








ESC 011 


MOD 111 R/M 


SIB/DISP 








ESC 111 


MOD 110 R/M 


SIB/DISP 








ESC 101 


11001 ST (i) 






ESC 001 


11001 ST(i) 






ESC MF 


MOD 010 R/M 


SIB/DISP 








ESC 000 


11010ST(i) 






ESCMF0 


MOD 011 R/M 


SIB/DISP 








ESC 000 


11011 ST(i) 






ESC 110 


1101 1001 






ESC 001 


11100100 






g$OlQi >J 


11100ST{i) 






ESC 10V 


11101 ST® 






ESC010 


11101001 






ESC 001 


11100101 






ESC 001 


11101110 






ESC 001 


11101000 






ESC 001 


11101011 






ESC 001 


11101001 











Shaded areas indicate instructions not available in 8087/80287. 



NOTE: 

a. When loading single- or double-precision zero from memory, add 5 clocks. 
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80387 Extensions to the 386tm CPU Instruction Set (Continued) 



Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 
1 


Optional 
Bytes 2-6 


32-Bit 
Real 


32-Bit 
Integer 


64-Bit 
Real 


16-Bit 
Integer 


CONSTANTS (Continued) 
FLDL2E = Load log 2 (e) into ST(0) 
FLDLG2 = Load log 10 (2) into ST(0) 
FLDLN2 = Load log e (2) into ST(0) 

ARITHMETIC 
FADD = Add 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FSUB = Subtract 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FMUL = Multiply 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FDIV = Divide 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FSQRT 1 = Square root 
FSCALE = Scale ST(0) by ST(1) 
FPREM = Partial remainder 
FPREM1 = Partial remainder 

mm 

FRNDINT = Round ST(0) 
to integer 

FXTRACT = Extract components 
ofST(0) 

FABS = Absolute value of ST(0) 
FCHS = Change sign of ST(0) 








24-32 

24-32 

27-35 

89 


40 
41 
41 

57-72 29-37 
23-31 b 

57-82 28-36 
26-34d 

61-82 32-57 
29-57e 

120-127* 94 

88h 

122-129 

67-86 

74-155 

95-185 
66-80 

70-76 

22 
24-25 


71-85 

71 -83c 

76-87 

136-1409 


ESC 001 


11101010 






ESC 001 


11101100 






ESC 001 


11101101 






ESC MF 


MOD 000 R/M 


SIB/DISP 








ESCdPO 


11000ST(i) 






ESC MF 


MOD 10 R R/M 


SIB/DISP 








ESC d P 


1110RR/M 






ESC MF 


MOD 001 R/M 


SIB/DISP 








ESC d P 


11001 R/M 






ESC MF 


MOD 11 R R/M 


SIB/DISP 








ESC d P 


1111 RR/M 






ESC 001 


1111 1010 






ESC 001 


1111 1101 






ESC 001 


1111 1000 






ESC 081 


11110101 






ESC 001 


1111 1100 






ESC 001 


1111 0100 






ESC 001 


1110 0001 






ESC 001 


1110 0000 











Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 

b. Add 3 clocks to the range when d = 1 . 

c. Add 1 clock to each range when R = 1 . 

d. Add 3 clocks to the range when d = 0. 

e. typical = 52 (When d = 0, 46-54, typical = 49). 

f. Add 1 clock to the range when R = 1. 

g. 135-141 whenR = 1. 

h. Add 3 clocks to the range when d = 1 . 
i. -0 <. ST(0) <. + °°. 
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80387 Extensions to the 386™ CPU Instruction Set (Continued) 



Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 
1 


Optional 
Bytes 2-6 


TRANSCENDENTAL 

FPTAN* = Partial tangent of ST(0) 
FPATAN = Partial arctangent 
i«8«Nfc*smeofST(0) 
FSINCOS* * Sfoeandccalneof ST<0) 

F2XM1' - 2ST(0) - 1 

FYL2X»" = ST(1) * log 2 (ST(0)) 

FYL2XPin = ST(1) * log 2 (ST(0) + 1.0) 
PROCESSOR CONTROL 

FINIT = Initialize NPX 

FSTSW AX = Store status word 

FLDCW = Load control word 

FSTCW = Store control word 

FSTSW = Store status word 

FCLEX = Clear exceptions 
FSTENV = Store environment 
FLDENV = Load environment 
FSAVE = Save state 
FRSTOR = Restore state 
FINCSTP = Increment stack pointer 
FDECSTP = Decrement stack pointer 
FFREE = Free ST(i) 
FNOP = No operations 






■■■■ 


123~7?# 
191-4971 
314-487 
122-7711 

211-476 
120-538 
257-547 

33 

13 

19 

15 

15 

11 
103-104 

71 
375-376 

308 

21 

22 

18 

12 


. ' .mown " 


- :WfWt~~ 


ESC 001 


11110010 






ESC 001 


11110011 






ESC 001 


11111110 


::^m>m::^ : - 


11111011 






ESC 001 


11110000 






ESC 001 


11110001 






ESC 001 


1111 1001 






ESC 011 


11100011 






ESC 111 


1110 0000 






ESC 001 


MOD 101 R/M 


SIB/DISP 




ESC 101 


MOD 111 R/M 


SIB/DISP 




ESC 101 


MOD 111 R/M 


SIB/DISP 








ESC 011 


11100010 






ESC 001 


MOD 110 R/M 


SIB/DISP 




ESC 001 


MOD 100 R/M 


SIB/DISP 




ESC 101 


MOD 110 R/M 


SIB/DISP 




ESC 101 


MOD 100 R/M 


SIB/DISP 








ESC 001 


11110111 






ESC 001 


11110110 






ESC 101 


1100 0ST(i) 






ESC 001 


1101 0000 







Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 

]. These timings hold for operands in the range |x| < 7r/4. For operands not in this range, up to 76 additional clocks may be 
needed to reduce the operand, 
k. £ | ST(0) | < 263. 

I. -1.0 <; ST(0) <; 1.0. 

m. £ ST(0) < oo, -oo < ST(1) < + oo. 

n. £ |ST(0)| < (2 - SQRT(2))/2, -«> < ST(1) < + oo. 
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APPENDIX A 
COMPATIBILITY BETWEEN 
THE 80287 AND THE 8087 



The 80286/80287 operating in Real-Address mode 
will execute 8086/8087 programs without major 
modification. However, because of differences in the 
handling of numeric exceptions by the 80287 NPX 
and the 8087 NPX, exception-handling routines may 
need to be changed. 

This appendix summarizes the differences between 
the 80287 NPX and the 8087 NPX, and provides 
details showing how 8086/8087 programs can be 
ported to the 80286/80287. 

1 . The NPX signals exceptions through a dedicated 
ERROR line to the 80286. The NPX error signal 
does not pass through an interrupt controller (the 
8087 INT signal does). Therefore, any interrupt- 
controller-oriented instructions in numeric excep- 
tion handlers for the 8086/8087 should be delet- 
ed. 

2. The 8087 instructions FENI/FNENI and FDISI/ 
FNDISI perform no useful function in the 80287. If 
the 80287 encounters one of these opcodes in its 
instruction stream, the instruction will effectively 
be ignored— none of the 80287 internal states will 
be updated. While 8086/8087 containing these 
instructions may be executed on the 
80286/80287, it is unlikely that the exception- 
handling routines containing these instructions 
will be completely portable to the 80287. 

3. Interrupt vector 16 must point to the numeric ex- 
ception handling routine. 

4. The ESC instruction address saved in the 80287 
includes any leading prefixes before the ESC op- 
code. The corresponding address saved in the 
8087 does not include leading prefixes. 

5. In Protected-Address mode, the format of the 
80287's saved instruction and address pointers is 
different than for the 8087. The instruction op- 
code is not saved in Protected mode— exception 
handlers will have to retrieve the opcode from 
memory if needed. 

6. Interrupt 7 will occur in the 80286 when executing 
ESC instructions with either TS (task switched) or 
EM (emulation) of the 80286 MSW set (TS = 1 or 
EM = 1). If TS is set, then a WAIT instruction will 



also cause interrupt 7. An exception handler 
should be included in 80286/80287 code to han- 
dle these situations. 

7. Interrupt 9 will occur if the second or subsequent 
words of a floating-point operand fall outside a 
segment's size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment's size. An exception handler should be 
included in 80286/80287 code to report these 
programming errors. 

8. Except for the processor control instructions, all 
of the 80287 numeric instructions are automati- 
cally synchronized by t he 802 86 CPU— the 80286 
automatically tests the BUSY line from the 80287 
to ensure that the 80287 has completed its previ- 
ous instruction before executing the next ESC in- 
struction. No explicit WAIT instructions are re- 
quired to assure this synchronization. For the 
8087 used with 8086 and 8088 processors, ex- 
plicit WAITs are required before each numeric in- 
struction to ensure synchronization. Although 
8086/8087 programs having explicit WAIT in- 
structions will execute perfectly on the 
80286/80287 without reassembly, these WAIT in- 
structions are unnecessary. 

9. Since the 80287 does not require WAIT instruc- 
tions before each numeric instruction, the 
ASM286 assembler does not automatically gener- 
ate these WAIT instructions. The ASM86 assem- 
bler, however, automatically precedes every ESC 
instruction with a WAIT instruction. Although nu- 
meric routines generated using the ASM86 as- 
sembler will generally execute correctly on the 
80286/80287, reassembly using ASM286 may re- 
sult in a more compact code image. 

The processor control instructions for the 80287 
may be coded using either a WAIT or No-WAIT 
form of mnemonic. The WAIT forms of these in- 
structions cause ASM286 to precede the ESC in- 
struction with a CPU WAIT instruction, in the iden- 
tical manner as does ASM86. 
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DATA SHEET REVISION REVIEW 

The following list represents the key differences be- 
tween this and the -003 versions of the 80387 Data 
Sheet. Please review this summary carefully. 

1. On the front page, the high side of the relative 
performance increase of the 80387 over the 
8087/80287 was changed from seven to nine 
times to reflect the higher performance from a 
25 MHz 80387. 

2. Data type representation ranges were inaccurate, 
and are revised in Table 2.1. 



3. The ratio of the 386 CLK2 frequency to the 
NUMCLK2 frequency must lie within the range 
10:16 to 14:10 instead of the former 10:16 to 
16:10 specification. 

4. Figure 3.2 was added to illustrate the 80387 oper- 
ating in an asynchronous mode. 

5. The 80387 READYO# output must be included in 
the system READY# logic for a proper READY# 
signal to be generated. 

6. Figure 3.5 contains a corrected W/R# signal. 

7. The 80387 25 MHz A.C. and D.C. specifications 
are now available. 
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82380 

HIGH PERFORMANCE 32-BIT DMA CONTROLLER WITH 
INTEGRATED SYSTEM SUPPORT PERIPHERALS 



High Performance 32-Bit DMA 
Controller 

— 50 MBytes/sec Maximum Data 
Transfer Rate at 25 MHz 

— 8 Independently Programmable 
Channels 

20-Source Interrupt Controller 

— Individually Programmable Interrupt 
Vectors 

— 15 External, 5 Internal Interrupts 

— 82C59A Superset 

Four 16-Bit Programmable Interval 
Timers 

— 82C54 Compatible 



Programmable Wait State Generator 

— to 15 Wait States Pipelined 

— 1 to 16 Wait States Non-Pipelined 

DRAM Refresh Controller 

80386 Shutdown Detect and Reset 
Control 

— Software/Hardware Reset 

High Speed CHMOS III Technology 

132-Pin PGA Package 

Optimized for use with the 80386 
Microprocessor 

— Resides on Local Bus for Maximum 
Bus Bandwidth 



The 82380 is a multi-function support peripheral that integrates system functions necessary in an 80386 
environment, it has eight channels of high performance 32-bit DMA with the most efficient transfer rates 
possible on the 80386 bus. System support peripherals integrated into the 82380 provide Interrupt Control, 
Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. 

The 82380's DMA Controller can transfer data between devices of different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 
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1.0 FUNCTIONAL OVERVIEW 

The 82380 contains several independent functional 
modules. The following is a brief discussion of the 
components and features of the 82380. Each mod- 
ule has a corresponding detailed section later in this 
data sheet. Those sections should be referred to for 
design and programming information. 



1.1 82380 Architecture 

The 82380 is comprised of several computer system 
functions that are normally found in separate LSI 
and VLSI components. These include: a high-per- 
formance, eight-channel, 32-bit Direct Memory Ac- 
cess Controller; a 20-level Programmable Interrupt 
Controller which is a superset of the 82C59A; four 
16-bit Programmable Interval Timers which are func- 
tionally equivalent to the 82C54 timers; a DRAM Re- 
fresh Controller; a Programmable Wait State Gener- 
ator; and system reset logic. The interface to the 
82380 is optimized for high-performance operation 
with the 80386 microprocessor. 

The 82380 operates directly on the 80386 bus. In 
the Slave mode, it monitors the state of the proces- 



sor at all times and acts or idles according to the 
commands of the host. It monitors the address pipe- 
line status and generates the programmed number 
of wait states for the device being accessed. The 
82380 also has logic to reset the 80386 via hard- 
ware or software reset requests and processor shut- 
down status. 

After a system reset, the 82380 is in the Slave 
mode. It appears to the system as an I/O device. It 
becomes a bus master when it is performing DMA 
transfers. 

To maintain compatibility with existing software, the 
registers within the 82380 are accessed as bytes. If 
the internal logic of the 82380 requires a delay be- 
fore another access by the processor, wait states 
are automatically inserted into the access cycle. 
This allows the programmer to write initialization rou- 
tines, etc. without regard to hardware recovery 
times. 

Figure 1-1 shows the basic architectural compo- 
nents of the 82380. The following sections briefly 
discuss the architecture and function of each of the 
distinct sections of the 82380. 
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Figure 1-1. Architecture of the 82380 
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1.1.1 DMA CONTROLLER 

The 82380 contains a high-performance, 8-channel, 
32-bit DMA controller. It is capable of transferring 
any combination of bytes, words, and double words. 
The addresses of both source and distination can be 
independently incremented, decremented or held 
constant, and cover the entire 32-bit physical ad- 
dress space of the 80386. It can disassemble and 
assemble misaligned data via a 32-bit internal tem- 
porary data storage register. Data transferred be- 
tween devices of different data path widths can also 
be assembled and disassembled using the internal 
temporary data storage register. The DMA Controller 
can also transfer aligned data between I/O and 
memory on the fly, allowing data transfer rates up to 
32 megabytes per second for an 82380 operating at 
16 MHz. Figure 1-2 illustrates the functional compo- 
nents of the DMA Controller. 

There are twenty-four general status and command 
registers in the 82380 DMA Controller. Through 
these registers any of the channels may be pro- 
grammed into any of the possible modes. The oper- 
ating modes of any one channel are independent of 
the operation of the other channels. 

Each channel has three programmable registers 
which determine the location and amount of data to 
be transferred: 



Byte Count Register- 
fer. (24-bits) 



-Number of bytes to trans- 



Requester Register— Address of memory or pe- 
ripheral which is requesting DMA service. (32- 
bits) 

Target Register—Address of peripheral or mem- 
ory which will be accessed. (32-bits) 

There are also port addresses which, when ac- 
cessed, cause the 82380 to perform specific func- 
tions. The actual data written does not matter, the 
act of writing to the specific address causes the 
command to be executed. The commands which op- 
erate in this mode are: Master Clear, Clear Terminal 
Count Interrupt Request, Clear Mask Register, and 
Clear Byte Pointer Flip-Flop. 

DMA transfers can be done between all combina- 
tions of memory and I/O; memory-to-memory, mem- 
ory-to-l/O, l/O-to-memory, and l/O-to-l/O. DMA 
service can be requested through software and/or 
hardware. Hardware DMA acknowledge signals are 
available for all channels (except channel 4) through 
an encoded 3-bit DMA acknowledge bus 
(EDACKO-2). 
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Figure 1-2. 82380 DMA Controller 
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The 82380 DMA controller transfers blocks of data 
(buffers) in three modes: Single Buffer, Buffer Auto- 
Initialize, and Buffer Chaining. In the Single Buffer 
Process, the 82380 DMA Controller is programmed 
to transfer one particular block of data. Successive 
transfers then require reprogramming of the DMA 
channel. Single Buffer transfers are useful in sys- 
tems where it is known at the time the transfer be- 
gins what quantity of data is to be transferred, and 
there is a contiguous block of data area available. 

The Buffer Auto-Initialize Process allows the same 
data area to be used for successive DMA transfers 
without having to reprogram the channel. 

The Buffer Chaining Process allows a program to 
specify a list of buffer transfers to be executed. The 
82380 DMA Controller, through interrupt routines, is 
reprogrammed from the list. The channel is repro- 
grammed for a new buffer before the current buffer 
transfer is complete. This pipelining of the channel 
programming process allows the system to allocate 
non-contiguous blocks of data storage space, and 
transfer all of the data with one DMA process. The 
buffers that make up the chain do not have to be in 
contiguous locations. 

Channel priority can be fixed or rotating. Fixed priori- 
ty allows the programmer to define the priority of 
DMA channels based on hardware or other fixed pa- 
rameters. Rotating priority is used to provide periph- 
erals access to the bus on a shared basis. 

With fixed priority, the programmer can set any 
channel to have the current lowest priority. This al- 



lows the user to reset or manually rotate the priority 
schedule without reprogramming the command reg- 
isters. 



1.1.2 PROGRAMMABLE INTERVAL TIMERS 

Four 16-bit programmable interval timers reside 
within the 82380. These timers are identical in func- 
tion to the timers in the 82C54 Programmable Inter- 
val Timer. All four of the timers share a common 
clock input which can be independent of the system 
clock. The timers are capable of operating in six dif- 
ferent modes. In all of the modes, the current count 
can be latched and read by the 80386 at any time, 
making these very versatile event timers. Figure 1-3 
shows the functional components of the Program- 
mable Interval Timers. 

The outputs of the timers are directed to key system 
functions, making system design simpler. Timer is 
routed directly to an interrupt input and is not avail- 
able externally. This timer would typically be used to 
generate time-keeping interrupts. 

Timers 1 and 2 have outputs which are available for 
general timer/counter purposes as well as special 
functions. Timer 1 is routed to the refresh control 
logic to provide refresh timing. Timer 2 is connected 
to an interrupt request input to provide other timer 
functions. Timer 3 is a general purpose timer/coun- 
ter whose output is available to external hardware. It 
is also connected internally to the interrupt request 
which defaults to the highest priority (IRQ0). 
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Figure 1-3. Programmable Interval Timers— Block Diagram 
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1.1.3 INTERRUPT CONTROLLER 

The 82380 has the equivalent of three enhanced 
82C59A Programmable Interrupt Controllers. These 
controllers can all be operated In the Master mode, 
but the priority is always as if they were cascaded. 
There are 15 interrupt request inputs provided for 
the user, all of which can be inputs from external 
slave interrupt controllers. Cascading 82C59As to 
these request inputs allows a possible total of 120 
external interrupt requests. Figure 1 -4 is a block dia- 
gram of the 82380 Interrupt Controller. 

Each of the interrupt request inputs can be individu- 
ally programmed with its own interrupt vector, allow- 
ing more flexibility in interrupt vector mapping than 
was available with the 82C59A. An interrupt is pro- 
vided to alert the system that an attempt is being 



made to program the vectors in the method of the 
82C59A. This provides compatibility of existing soft- 
ware that used the 82C59A or 8259A with new de- 
signs using the 82380. 

In the event of an unrequested or otherwise errone- 
ous interrupt acknowledge cycle, the 82380 Interrupt 
Controller issues a default vector. This vector, pro- 
grammed by the system software, will alert the sys- 
tem of unsolicited interrupts of the 80386. 

The functions of the 82380 Interrupt Controller are 
identical to the 82C59A, except in regards to pro- 
gramming the interrupt vectors as mentioned above. 
Interrupt request inputs are programmable as either 
edge or level triggered and are software maskable. 
Priority can be either fixed or rotating and interrupt 
requests can be nested. 
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Figure 1-4. 82380 Interrupt Controller— Block Diagram 
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Enhancements are added to the 82380 for cascad- 
ing external interrupt controllers. Master to Slave 
handshaking takes place on the data bus, instead of 
dedicated cascade lines. 



1.1.4 WAIT STATE GENERATOR 

The Wait State Generator is a programmable 
READY generation circuit for the 80386 bus. A pe- 
ripheral requiring wait states can request the Wait 
State Generator to hold the processor's READY in- 
put inactive for a predetermined number of bus 
states. Six different wait state counts can be pro- 
grammed into the Wait State Generator by software; 
three for memory accesses and three for I/O ac- 
cesses. A block diagram of the 82380 Wait State 
Generator is shown in Figure 1 -5. 

The peripheral being accessed selects the required 
wait state count by placing a code on a 2-bit wait 
state select bus. This code along with the M/IO# 
signal from the bus master is used to select one of 
six internal 4-bit wait state registers which has been 
programmed with the desired number of wait states. 
From zero to fifteen wait states can be programmed 
into the wait state registers. The Wait State Genera- 
tor tracks the state of the processor or current bus 
master at all times, regardless of which device is the 
current bus master and regardless of whether or not 
the Wait State Generator is currently active. 

The 82380 Wait State Generator is disabled by mak- 
ing the select inputs both high. This allows hardware 
which is intelligent enough to generate its own ready 
signal to be accessed without penalty. As previously 



mentioned, deselecting the Wait State Generator 
does not disable its ability to determine the proper 
number of wait states due to pipeline status in sub- 
sequent bus cycles. 

The number of wait states inserted into a pipelined 
bus cycle is the value in the selected wait state reg- 
ister. If the bus master is operating in the non-pipe- 
lined mode, the Wait State Generator will increase 
the number of wait states inserted into the bus cycle 
by one. 

On reset, the Wait State Generator's registers are 
loaded with the value FFH, giving the maximum 
number of wait states for any access in which the 
wait state select inputs are active. 



1.1.5 DRAM REFRESH CONTROLLER 

The 82380 DRAM Refresh Controller consists of a 
24-bit refresh address counter and bus arbitration 
logic. The output of Timer 1 is used to periodically 
request a refresh cycle. When the controller re- 
ceives the request, it requests access to the system 
bus through the HOLD signal. When bus control is 
acknowledged by the processor or current bus mas- 
ter, the refresh controller executes a memory read 
operation at the address currently in the Refresh Ad- 
dress Register. At the same time, it activates a re- 
fresh signal (REF#) that the memory uses to force a 
refresh instead of a normal read. Control of the bus 
is transferred to the processor at the completion of 
this cycle. Typically a refresh cycle will take six clock 
cycles to execute on an 80386 bus. 
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Figure 1-5. 82380 Wait State Generator— Block Diagram 
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The 82380 DRAM Refresh Controller has the high- 
est priority when requesting bus access and will in- 
terrupt any active DMA process. This allows large 
blocks of data to be moved by the DMA controller 
without affecting the refresh function. Also the DMA 
controller is not required to completely relinquish the 
bus, the refresh controller simply steals a bus cycle 
between DMA accesses. 

The amount by which the refresh address is incre- 
mented is programmable to allow for different bus 
widths and memory bank arrangements. 

1.1.6 CPU RESET FUNCTION 

The 82380 contains a special reset function which 
can respond to hardware reset signals from the 
82384, as well as a software reset command. The 
circuit will hold the 80386's RESET line active while 
an external hardware reset signal is present at its 
RESET input. It can also reset the 80386 processor 
as the result of a software command. The software 
reset command causes the 82380 to hold the proc- 
essor's RESET line active for a minimum of 62 CLK2 
cycles; enough time to allow an 80386 to re-initialize. 

The 82380 can be programmed to sense the shut- 
down detect code on the status lines from the 
80386. If the Shutdown Detect function is enabled, 
the 82380 will automatically reset the processor. A 
diagnostic register is available which can be used to 
determine the cause of reset. 



1.1.7 REGISTER MAP RELOCATION 

After a hardware reset, the internal registers of the 
82380 are located in I/O space beginning at port 
address 0000H. The map of the 82380's registers is 
relocatable via a software command. The default 
mapping places the 82380 between I/O addresses 
0000H and 00DBH. The relocation register allows 
this map to be moved to any even 256-byte bounda- 
ry in the processor's 16-bit I/O address space or any 
even 16-Mbyte boundary in the 32-bit memory ad- 
dress space. 



1.2 Host Interface 

The 82380 is designed to operate efficiently on the 
local bus of an 80386 microprocessor. The control 



signals of the 82380 are identical in function to 
those of the 80386. As a slave, the 82380 operates 
with all of the features available on the 80386 bus. 
When the 82380 is in the Master mode, it Jooks iden- 
tical to the 80386 to the connected devices. 

The 82380 monitors the bus at all times, and deter- 
mines whether the current bus cycle is a pipelined or 
non-pipelined access. All of the status signals of the 
processor are monitored. 

The control, status, and data registers within the 
82380 are located at fixed addresses relative to 
each other, but the group can be relocated to either 
memory or I/O space and to different locations with- 
in those spaces. 

As a Slave device, the 82380 monitors the control/ 
status lines of the CPU. The 82380 will generate all 
of the wait states it needs whenever it is accessed. 
This allows the programmer the freedom of access- 
ing 82380 registers without having to insert NOPs in 
the program to wait for slower 82380 internal regis- 
ters. 

The 82380 can determine if a current bus cycle is a 
pipelined or a non-pipelined cycle. It does this by 
monitoring the ADS # and READY # signals and 
thereby keeping track of the current state of the 
80386. 

As a bus master, the 82380 looks like an 80386 to 
the rest of the system. This enables the designer 
greater flexibility in systems which include the 
82380. The designer does not have to alter the inter- 
faces of any peripherals designed to operate with 
the 80386 to accommodate the 82380. The 82380 
will access any peripherals on the bus in the same 
manner as the 80386, including recognizing pipe- 
lined bus cycles. 

The 82380 is accessed as an 8-bit peripheral. This is 
done to maintain compatibility with existing system 
architectures and software. The 80386 places the 
data of all 8-bit accesses either on D (0-7) or D (8- 
15). The 82380 will only accept data on these lines 
when in the Slave mode. When in the Master mode, 
the 82380 is a full 32-bit machine, sending and re- 
ceiving data in the same manner as the 80386. 
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1.3 IBM PC* System Compatibility 

The 82380 is an 80386 companion device designed 
to provide an enhancement of the system functions 
common to most small computer systems. It is mod- 
eled after and is a superset of the Intel peripheral 
products found in the IBM PC, PC-AT, and other 
popular small computers. 



2.0 80386 HOST INTERFACE 

The 82380 contains a set of interface signals to op- 
erate efficiently with the 80386 host processor. 
These signals were designed so that minimal hard- 
ware is needed to connect the 82380 to the 80386. 

Figure 2-1 depicts a typical system configuration 
with the 80386 processor. As shown in the diagram, 
the 82380 is designed to interface directly with the 
80386 bus. 

"IBM PC and IBM PC-AT are registered trademarks of Inter- 
national Business Machines Inc. 



Since the 82380 is residing on the opposite side of 
the data bus transceiver (with respect to the rest of 
the peripherals in the system), it is important to note 
that the transceiver should be controlled so that 
contention between the data bus transceiver and 
the 82380 will not occur. In order to do this, port 
address decoding logic should be included in the di- 
rection and enable control logic of the transceiver. 
When any of the 82380 internal registers is read, the 
data bus transceiver should be disabled so that only 
the 82380 will drive the local bus. 

This section describes the basic bus functions of the 
82380 to show how this device interacts with the 
80386 processor. Other signals which are not direct- 
ly related to the host interface will be discussed in 
their associated functional block description. 
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Figure 2-1. 80386/82380 System Configuration 
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2.1 Master and Slave Modes 

At any time, the 82380 acts as either a Slave device 
or a Master device in the system. Upon reset, the 
82380 will be in the Slave Mode. In this mode, the 
80386 processor can read/write into the 82380 in- 
ternal registers. Initialization information may be pro- 
grammed into the 82380 during Slave Mode. 

When DMA service (including DRAM Refresh Cycles 
generated by the 82380) is requested, the 82380 will 
request and subsequently get control of the 80386 
local bus. This is done through the HOLD and HLDA 
(Hold Acknowledge) signals. When the 80386 proc- 
essor responds by asserting the HLDA signal, the 
82380 will switch into Master Mode and perform 
DMA transfers. In this mode, the 82380 is the bus 
master of the system. It can read/write data from/to 
memory and peripheral devices. The 82380 will re- 
turn to the Slave Mode upon completion of DMA 
transfers, or when HLDA is negated. 



2.2 80386 Interface Signals 

As mentioned in the Architecture section, the Bus 
Interface module of the 82380 (see Figure 1-1) con- 
tains signals that are directly connected to the 
80386 host processor. This module has separate 
32-bit Data and Address busses. Also, it has addi- 
tional control signals to support different bus opera- 
tions on the system. By residing on the 80386 local 
bus, the 82380 shares the same address, data and 
control lines with the processor. The following sub- 
sections discuss the signals which interface to the 
80386 host processor. 



2.2.1 CLOCK (CLK2) 

The CLK2 input provides fundamental timing for the 
82380. It is divided by two internally to generate the 
82380 internal clock. Therefore, CLK2 should be 
driven with twice the 80386's frequency. In order to 
maintain synchronization with the 80386 host proc- 
essor, the 82380 and the 80386 should share a 
common clock source. 

The internal clock consists of two phases: PHI1 and 
PHI2. Each CLK2 period is a phase of the internal 
clock. PHI2 is usually used to sample input and set 
up internal signals and PHI1 is for latching internal 
data. Figure 2-2 illustrates the relationship of CLK2 
and the 82380 internal clock signals. The CPURST 
signal generated by the 82380 guarantees that the 
80386 will wake up in phase with PHIL 



2.2.2 DATA BUS (D0-D31) 

This 32-bit three-state bidirectional bus provides a 
general purpose data path between the 82380 and 
the system. These pins are tied directly to the corre- 
sponding Data Bus pins of the 80386 local bus. The 
Data Bus is also used for interrupt vectors generated 
by the 82380 in the Interrupt Acknowledge cycle. 

During Slave I/O operations, the 82380 expects a 
single byte to be written or read. When the 80386 
host processor writes into the 82380, either D0-D7 
or D8-D15 will be latched into the 82380, depend- 
ing Upon how the Byte Enable (BE0#-BE#3) sig- 
nals are driven. The 82380 does not need to look at 
D16-D31 since the 80386 duplicates the single byte 
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Figure 2-2. CLK2 and 82380 Internal Clock 
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data on both halves of the bus. When the 80386 
host processor reads from the 82380, the single 
byte data will be duplicated four times on the Data 
Bus; i.e., on D0-D7, D8-D15, D16-D23 and D24- 
D31. 

During Master Mode, the 82380 can transfer 32-, 16-, 
and 8-bit data between memory (or I/O devices) and 
I/O devices (or memory) via the Data Bus. 

2.2.3 ADDRESS BUS (A31-A2) 

These three-state bidirectional signals are connect- 
ed directly to the 80386 Address Bus. In the Slave 
Mode, they are used as input signals so that the 
processor can address the 82380 internal ports/reg- 
isters. In the Master Mode, they are used as output 
signals by the 82380 to address memory and periph- 
eral devices. The Address Bus is capable of ad- 
dressing 4 G-bytes of physical memory space 



(00000000H to FFFFFFFFH), and 64 K-bytes of I/O 
addresses (00000000H to 0000FFFFH). 

2.2.4 BYTE ENABLE (BE3#-BE0#) 

These bidirectional pins select specific byte(s) in the 
double word addressed by A31 -A2. Similar to the 
Address Bus function, these signals are used as in- 
puts to address internal 82380 registers during 
Slave Mode operation. During Master Mode opera- 
tion, they are used as outputs by the 82380 to ad- 
dress memory and I/O locations. 

In addition to the above function, BE3# is used to 
enable a production test mode and must be LOW 
during reset. The 80386 processor will automatically 
hold BE3# LOW during RESET. 

The definitions of the Byte Enable signals depend 
upon whether the 82380 is in the Master or Slave 
Mode. These definitions are depicted in Table 2-1 . 



Table 2-1. Byte Enable Signals 



As INPUTS (Slave Mode): 



BE3#-BE0# 


Implied A1,A0 


Data Bits Written 
to 82380* 


XXXO 
XX01 
X01 1 
X111 


00 
01 
10 

11 


D0-D7 
D8-D15 
D0-D7 
D8-D15 



X-DONTCARE 

*During READ, data will be duplicated on D0-D7, D8-D15, D16-D23, and D24-D31. 

During WRITE, the 80386 host processor duplicates data on D0-D15, and D16-D31, so that the 82380 

is concerned only with the lower half of the Data Bus. 



As OUTPUTS (Master Mode): 



BE3#-BE0# 


Byte to be Accessed 
Relative to A31-A2 


Logical Byte Presented On 

Data Bus During WRITE Only* 

D24-31 D16-23 D8-15 DO-7 


1110 





U 


U 


U 


A 


1101 


1 


U 


U 


A 


A 


1011 


2 


u 


A 


U 


A 


0111 


3 


A 


U 


A 


A 


1001 


1,2 


U 


B 


A 


A 


1100 


0,1 


U 


U 


B 


A 


0011 


2,3 


B 


A 


B 


A 


1000 


0,1,2 


U 


C 


B 


A 


0001 


1,2,3 


C 


B 


A 


A 


0000 


0,1,2,3 


D 


C 


B 


A 



U - Undefined 

A - Logical D0-D7 

B - Logical D8-D15 

C = Logical D16-D23 

D = Logical D24-D31 

* Actual number of bytes accessed depends upon the programmed data path width. 
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2.2.5 BUS CYCLE DEFINITION SIGNALS (D/C#, 
W/R#, M/IO#) 

These three-state bidirectional signals define the 
type of bus cycle being performed. W/R# distin- 
guishes between write and read cycles. D/C# dis- 
tinguishes between processor data and control cy- 
cles. M/IO# distinguishes between memory and I/O 
cycles. 

During Slave Mode, these signals are driven by the 
80386 host processor; during Master Mode, they are 
driven by the 82380. In either mode, these signals 
will be valid when the Address Status (ADS#) is 
driven LOW. Exact bus cycle definitions are given in 
Table 2-2. Note that some combinations are recog- 
nized as inputs, but not generated as outputs. In the 
Master Mode, D/C# is always HIGH. 

2.2.6 ADDRESS STATUS (ADS#) 

This bidirectional signal indicates that a valid ad- 
dress (A2-A31, BE0#-BE3#) and bus cycle defini- 
tion (W/R#, D/C#, M/IO#) is being driven on the 
bus. In the Master Mode, it is driven by the 82380 as 
an output. In the Slave Mode, this signal is moni- 
tored as an input by the 82380. By the current and 
past status of ADS# and the READY # input, the 
82380 is able to determine, during Slave Mode, if the 
next bus cycle is a pipelined address cycle. ADS# is 
asserted during T1 and T2P bus states (see Bus 
State Definition). 

Note that during the idle states at the beginning and 
the end of a DMA process, neither the 80386 nor the 
82380 is driving the ADS# signal; i.e., the signal is 
left floated. Therefore, it is important to use a pull-up 
resistor (approximately 10 Kft) on the ADS# signal. 



nal indicates the end of a DMA bus cycle. In the 
Slave Mode, the 82380 monitors this input and 
ADS# to detect a pipelined address cycles. This sig- 
nal should be tied directly to the READY # input of 
the 80386 host processor. 



2.2.8 NEXT ADDRESS REQUEST (NA#) 

This input is used to indicate to the 82380 in the 
Master Mode that the system is requesting address 
pipelining. When driven LOW by either memory or 
peripheral devices during Master Mode, it indicates 
that the system is prepared to accept a new address 
and bus cycle definition signals from the 82380 be- 
fore the end of the current bus cycle. If this input is 
active when sampled by the 82380, the next address 
is driven onto the bus, provided a bus request is 
already pending internally. 

This input pin is monitored only in the Master Mode. 
In the Slave Mode, the 82380 uses the ADS # and 
READY # signals to determine address pipelining 
cycles, and NA# will be ignored. 



2.2.9 RESET (RESET, CPURST) 

RESET 

This synchronous input suspends any operation in 
progress and places the 82380 in a known initial 
state. Upon reset, the 82380 will be in the Slave 
Mode waiting to be initialized by the 80386 host 
processor. The 82380 is reset by asserting RESET 
for 15 or more CLK2 periods. When RESET is as- 
serted, all other input pins are ignored, and all other 
bus pins are driven to an idle bus state as shown in 
Table 2-3. The 82380 will determine the phase of its 
internal clock following RESET going inactive. 



2.2.7 TRANSFER ACKNOWLEDGE (READY #) 

This input indicates that the current bus cycle is 
complete. In the Master Mode, assertion of this sig- 



Table 2-2. Bus Cycle Definition 



M/IO# 


D/C# 


W/R# 


As INPUTS 


As OUTPUTS 











Interrupt 
Acknowledge 


NOT GENERATED 








1 


UNDEFINED 


NOT GENERATED 





1 





I/O Read 


I/O Read 





1 


1 


I/O Write 


I/O Write 


1 








UNDEFINED 


NOT GENERATED 


1 





1 


HALT if 

BE(3-0)# =X011 
SHUTDOWN if 

BE (3-0) # =XXX0 


NOT GENERATED 


1 


1 





Memory Read 


Memory Read 


1 


1 


1 


Memory Write 


Memory Write 



4-181 



inteT 



82380 



Aimrei omifokgmt o@m 



Table 2-3. Output Signals Following RESET 



Signal 


Level 


A2-A31, D0-D31, BE0#-BE3# 


Float 


D/C#, W/R#, M/IO#, ADS# 


Float 


READYO# 


T 


EOP# 


T (Weak Pull-UP) 


EDACK2-EDACK0 


*100' 


HOLD 


'0' 


INT 


UNDEFINED* 


TOUT1/REF#, TOUT2#/IRQ3#, TOUT3# 


UNDEFINED* 


CPURST 


'0' 



*The Interrupt Controller and Programmable Interval Timer are initialized by software commands. 



RESET is level-sensitive and must be synchronous 
to the CLK2 signal. Therefore, this RESET input 
should be tied to the RESET output of the Clock 
Generator. The RESET setup and hold time require- 
ments are shown in Figure 2.3. 

CPURST 

This output signal is used to reset the 80386 host 
processor. It will go active (HIGH) whenever one of 
the following events occurs: a) 82380's RESET input 
is active; b) a software RESET command is issued 
to the 82380; or c) when the 82380 detects a proc- 
essor Shutdown cycle and when this detection fea- 
ture is enabled (see CPU Reset and Shutdown De- 
tect). When activated, CPURST will be held active 
for 62 CLK2 periods. The timing of CPURST is such 
that the 80386 processor will be in synchronization 
with the 82380. This timing is shown in Figure 2-4. 



2.2.10 INTERRUPT OUT (INT) 

This output pin is used to signal the 80386 host 
processor that one or more interrupt requests (either 
internal or external) are pending. The processor is 
expected to respond with an Interrupt Acknowledge 
cycle. This signal should be connected directly to 
the Maskable Interrupt Request (INTR) input of the 
80386 host processor. 



2.3 82380 Bus Timing 

The 82380 internally divides the CLK2 signal by two 
to generate its internal clock. Figure 2-2 shows the 
relationship of CLK2 and the internal clock. The in- 
ternal clock consists of two phases: PHI1 and PHI2. 
Each CLK2 period is a phase of the internal clock. In 
Figure 2-2, both PHI1 and PHI2 of the 82380 internal 
clock are shown. 



CLK2 / \ 


T31 , T30 
I— *h H 
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PHI 2 I 


PHI 1 


PHI 2 
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290128-9 



Figure 2-3. RESET Timing 
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Figure 2-4. CPURST Timing 
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Figure 2-2. CLK2 and 82380 Internal Clock 



In the 82380, whether it is in the Master or Slave 
Mode, the shortest time unit of bus activity is a bus 
state. A bus state, which is also referred as a 
T-state', is defined as one 82380 PHI2 clock period 
(i.e., two CLK2 periods). Recall in Table 2-2, there 
are six different types of bus cycles in the 82380 as 
defined by the M/IO#, D/C# and W/R# signals. 
Each of these bus cycles is composed of two or 
more bus states. The length of a bus cycle depends 
on when the READY # input is asserted (i.e., driven 
LOW). 

2.3.1 ADDRESS PIPELINING 

The 82380 supports Address Pipelining as an option 
in both the Master and Slave Mode. This feature typ- 
ically allows a memory or peripheral device to oper- 
ate with one less wait state than would otherwise be 
required. This is possible because during a pipelined 
cycle, the address and bus cycle definition of the 
next cycle will be generated by the bus master while 
waiting for the end of the current cycle to be ac- 
knowledged. The pipelined bus is especially well 
suited for interleaved memory environment. For 16 
MHz interleaved memory designs with 100 ns ac- 
cess time DRAMs, zero wait state memory accesses 
can be achieved when pipelined addressing is se- 
lected. 

In the Master Mode, the 82380 is capable of initiat- 
ing, on a cycle-by-cycle basis, either a pipelined or 
non-pipelined access depending upon the state of 
the NA# input. If a pipelined cycle is requested (indi- 
cated by NA# being driven LOW), the 82380 will 



drive the address and bus cycle definition of the next 
cycle as soon as there is an internal bus request 
pending. 

In the Slave Mode, the 82380 is constantly monitor- 
ing the ADS# and READY # signals on the proces- 
sor local bus to determine if the current bus cycle is 
a pipelined cycle. If a pipelined cycle is detected, the 
82380 will request one less wait state from the proc- 
essor if the Wait State Generator feature is selected. 
On the other hand, during an 82380 internal register 
access in a pipelined cycle, it will make use of the 
advance address and bus cycle information. In all 
cases, Address Pipelining will result in a savings of 
one wait state. 



2.3.2 MASTER MODE BUS TIMING 

When the 82380 is in the Master Mode, it will be in 
one of six bus states. Figure 2-5 shows the complete 
bus state diagram of the Master Mode, including 
pipelined address states. As seen in the figure, the 
82380 state diagram is very similar to that of the 
80386. The major difference is that in the 82380, 
there is no Hold state. Also, in the 82380, the condi- 
tions for some state transitions depend upon wheth- 
er it is the end of a DMA process*. 

NOTE: 

The term 'end of a DMA process' is loosely de- 
fined here. It depends on the DMA modes of oper- 
ation as well as the state of the EOP# and DREQ 
inputs. This is explained in detail in section 3 — DMA 
Controller. 
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The 82380 will enter the idle state, Ti, upon RESET 
and whenever the internal address is not available at 
the end of a DMA cycle or at the end of a DMA 
process. When address pipelining is not used (NA# 
is not asserted), a new bus cycle always begins with 
state T1 . During T1 , address and bus cycle definition 
signals will be driven on the bus. T1 is always fol- 
lowed by T2. 

If a bus cycle is not acknowledged (with READY#) 
during T2 and NA# is negated, T2 will be repeated. 
When the end of the bus cycle is acknowledged dur- 
ing T2, the following state will be T1 of the next bus 
cycle (if the internal address latch is loaded and if 
this is not the end of the DMA process). Otherwise, 
the Ti state will be entered. Therefore, if the memory 
or peripheral accessed is fast enough to respond 
within the first T2, the fastest non-pipelined cycle will 
take one T1 and one T2 state. 



Use of the address pipelining feature allows the 
82380 to enter three additional bus states: T1P, 
T2P, and T2i. T1 P is the first bus state of a pipelined 
bus cycle. T2P follows T1 P (or T2) if NA# is assert- 
ed when sampled. The 82380 will drive the bus with 
the address and bus cycle definition signals of the 
next cycle during T2P. From the state diagram, it can 
be seen that after an idle state Ti, the first bus cycle 
must begin with T1 , and is therefore a non-pipelined 
bus cycle. The next bus cycle can be pipelined if 
NA# is asserted and the previous bus cycle ended 
in a T2P state. Once the 82380 is in a pipelined 
cycle and provided that NA# is asserted in subse- 
quent cycles, the 82380 will be switching between 
T1P and T2P states. If the end of the current bus 
cycle is not acknowledged by the READY # input, 
the 82380 will extend the cycle by adding T2P 
states. The fastest pipelined cycle will consist of one 
TIPand one T2P state. 



READY# Asserted. [Not ADAV + End of DMA] 




Not ADAV. READY# Negated 



NOTE: 

ADAV — Internal Address Available 



Figure 2-5. Master Mode State Diagram 
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The 82380 will enter state T2i when NA# is assert- 
ed and when one of the following two conditions 
occurs. The first condition is when the 82380 is in 
state T2. T2i will be entered if READY # is not as- 
serted and there is no next address available. This 
situation is similar to a wait state. The 82380 will stay 
in T2i for as long as this condition exists. The sec- 
ond condition which will cause the 82380 enter T2i is 
when the 82380 is in state T1P. Before going to 



state T2P, the 82380 needs to wait in state T2i until 
the next address is available. Also, in both cases, if 
the DMA process is complete, the 82380 will enter 
the T2i state in order to finish the current DMA cycle. 

Figure 2-6 is a timing diagram showing non-pipelined 
bus accesses in the Master Mode. Figure 2-7 shows 
the timing of pipelined accesses in the Master Mode. 
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Figure 2-6. Non-Pipelined Bus Cycles 
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Figure 2-7. Pipelined Bus Cycles 
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2.3.3 SLAVE MODE BUS TIMING 

Figure 2-8 shows the Slave Mode bus timing in both 
pipelined and non-pipelined cycles when the 82380 
is being accessed. Recall that during Slave Mode, 
the 82380 will constantly monitor the ADS# and 
READY # signals to determine if the next cycle is 
pipelined. In Figure 2-8, the first cycle is non-pipe- 
lined and the second cycle is pipelined. In the pipe- 
lined cycle, the 82380 will start decoding the ad- 



dress and bus cycle signals one bus state earlier 
than in a non-pipelined cycle. 

The READY# input signal is sampled by the 80386 
host processor to determine the completion of a bus 
cycle. This occurs during the end of every T2 and 
T2P state. Normally, the output of the 82380 Wait 
State Generator, READYO#, is directly connected 
to the READY # input of the 80386 host processor 
and the 82380. In such case, READYO# and 
READY# will be identical (see Wait State Genera- 
tor). 
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NA# is shown here only for timing reference. It is not sampled by the 82380 during Slave Mode. 

When the 82380 registers are accessed, it will take one or more wait states in pipelined and two or more wait states in 

non-pipelined cycle to complete the internal access. 



Figure 2-8. Slave Read/Write Timing 
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3.0 DMA Controller 

The 82380 DMA Controller is capable of transferring 
data between any combination of memory and/or 
I/O, with any combination (8-, 16-, or 32-bits) of data 
path widths. Bus bandwidth is optimized through the 
use of an internal temporary register which can dis- 
assemble or assemble data to or from either an 
aligned or a non-aligned destination or source. Fig- 



ure 3-1 is a block diagram of the 82380 DMA Con- 
troller. 

The 82380 has eight channels of DMA. Each chan- 
nel operates independently of the others. Within the 
operation of the individual channels, there are many 
different modes of data transfer available. Many of 
the operating modes can be intermixed to provide a 
very versatile DMA controller. 
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Figure 3-1. 82380 DMA Controller Block Diagram 



4-187 



inter 



82380 



mmm\©e mm^Mimmw 



3.1 Functional Description 

In describing the operation of the 82380's DMA Con- 
troller, close attention to terminology is required. Be- 
fore entering the discussion of the function of the 
82380 DMA Controller, the following explanations of 
some of the terminology used herein may be of ben- 
efit. First, a few terms for clarification: 

DMA PROCESS— A DMA process is the execution 
of a programmed DMA task from beginning to end. 
Each DMA process requires initial programming by 
the host 80386 microprocessor. 

BUFFER— A contiguous block of data. 

BUFFER TRANSFER— The action required by the 
DMA to transfer an entire buffer. 

DATA TRANSFER— The DMA action in which a 
group of bytes, words, or double words are moved 
between devices by the DMA Controller. A data 
transfer operation may involve movement of one or 
many bytes. 

BUS CYCLE— Access by the DMA to a single byte, 
word, or double word. 

Each DMA channel consists of three major compo- 
nents. These components are identified by the con- 
tents of programmable registers which define the 
memory or I/O devices being serviced by the DMA. 
They are the Target, the Requester, and the Byte 
Count. They will be defined generically here and in 
greater detail in the DMA register definition section. 

The Requester is the device which requires service 
by the 82380 DMA Controller, and makes the re- 
quest for service. All of the control signals which the 
DMA monitors or generates for specific channels 
are logically related to the Requester. Only the Re- 
quester is considered capable of initiating or termi- 
nating a DMA process. 

The Target is the device with which the Requester 
wishes to communicate. As far as the DMA process 
is concerned, the Target is a slave which is incapa- 
ble of control over the process. 

The direction of data transfer can be either from Re- 
quester to Target or from Target to Requester; i.e., 
each can be either a source or a destination. 

The Requester and Target may each be either I/O 
or memory. Each has an address associated with it 
that can be incremented, decremented, or held con- 
stant. The addresses are stored in the Requester 
Address Registers and Target Address Registers, 



respectively. These registers have two parts: one 
which contains the current address being used in the 
DMA process (Current Address Register), and one 
which holds the programmed base address (Base 
Address Register). The contents of the Base Regis- 
ters are never changed by the 82380 DMA Control- 
ler. The Current Registers are incremented or decre- 
mented according to the progress of the DMA pro- 
cess. 

The Byte Count is the component of the DMA pro- 
cess which dictates the amount of data which must 
be transferred. Current and Base Byte Count Regis- 
ters are provided. The Current Byte Count Register 
is decremented once for each byte transferred by 
the DMA process. When the register is decremented 
past zero, the Byte Count is considered 'expired' 
and the process is terminated or restarted, depend- 
ing on the mode of operation of the channel. The 
point at which the Byte Count expires is called Ter- 
minal Count' and several status signals are depen- 
dent on this event. 

Each channel of the 82380 DMA Controller also 
contains a 32-bit Temporary Register for use in as- 
sembling and disassembling non-aligned data. The 
operation of this register is transparent to the user, 
although the contents of it may affect the timing of 
some DMA handshake sequences. Since there is 
data storage available for each channel, the DMA 
Controller can be interrupted without loss of data. 

The 82380 DMA Controller is a slave on the bus until 
a request for DMA service is received via either a 
software request command or a hardware request 
signal. The host processor may access any of the 
control/status or channel registers at any time the 
82380 is a bus slave. Figure 3-2 shows the flow of 
operations that the DMA Controller performs. 

At the time a DMA service request is received, the 
DMA Controller issues a bus hold request to the 
host processor. The 82380 becomes the bus master 
when the host relinquishes the bus by asserting a 
hold acknowledge signal. The channel to be serv- 
iced will be the one with the highest priority at the 
time the DMA Controller becomes the bus master. 
The DMA Controller will remain in control of the bus 
until the hold acknowledge signal is removed, or un- 
til the current DMA transfer is complete. 

While the 82380 DMA Controller has control of the 
bus, it will perform the required data transfer(s). The 
type of transfer, source and destination addresses, 
and amount of data to transfer are programmed in 
the control registers of the DMA channel which re- 
ceived the request for service. 
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Figure 3-2. Flow of DMA Controller Operation 



At completion of the DMA process, the 82380 will 
remove the bus hold request. At this time the 82380 
becomes a slave again, and the host returns to be- 
ing a master. If there are other DMA channels with 
requests pending, the controller will again assert the 
hold request signal and restart the bus arbitration 
and switching process. 



3.2 Interface Signals 

There are fourteen control signals dedicated to the 
DMA process. They include eight DMA Channel Re- 
quests (DREQn), three Encoded DMA Acknowledge 
signals (EDACKn), Processor Hold and Hold Ac- 
knowledge (HOLD, HLDA), and End-Of-Process 
(EOP#). The DREQn inputs and EDACK(0-2) out- 
puts are handshake signals to the devices requiring 
DMA service. The HOLD output and HLDA input are 
handshake signals to the host processor. Figure 3-3 
shows these signals and how they interconnect be- 
tween the 82380 DMA Controller, and the Requester 
and Target devices. 
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Figure 3-3. Requester, Target, and DMA Controller Interconnection 
(2-Cycle Configuration) 
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3.2.1 DREQn and EDACK(0-2) 

These signals are the handshake signals between 
the peripheral and the 82380. When the peripheral 
requires DMA service, it asserts the DREQn signal 
of the channel which is programmed to perform the 
service. The 82380 arbitrates the DREQn against 
other pending requests and begins the DMA pro- 
cess after finishing other higher priority processes. 

When the DMA service for the requested channel is 
in progress, the EDACK(0-2) signals represent the 
DMA channel which is accessing the Requester. 
The 3-bit code on the EDACK(0-2) lines indicates 
the number of the channel presently being serviced. 
Table 3-2 shows the encoding of these signals. Note 
that Channel 4 does not have a corresponding hard- 
ware acknowledge. 

The DMA acknowledge (EDACK) signals indicate 
the active channel only during DMA accesses to the 
Requester. During accesses to the Target, 
EDACK(0-2) has the idle code (100). EDACK(0-2) 
can thus be used to select a Requester device dur- 
ing a transfer. 

Table 3-2. EDACK Encoding During 
a DMA Transfer 
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DREQn can be programmed as either an Asynchro- 
nous or Synchronous input. See section 3.4.1 for de- 
tails on synchronous versus asynchronous operation 
of this pin. 

The EDACKn signals are always active. They either 
indicate 'no acknowledge' or they indicate a bus ac- 
cess to the requester. The acknowledge code is ei- 
ther 100, for an idle DMA or during a DMA access to 
the Target, or 'n' during a Requester access, where 
n is the binary value representing the channel. A 
simple 3-line to 8-line decoder can be used to pro- 
vide discrete acknowledge signals for the peripher- 
als. 



3.2.2 HOLD and HLDA 

The Hold Request (HOLD) and Hold Acknowledge 
(HLDA) signals are the handshake signals between 



the DMA Controller and the host processor. HOLD is 
an output from the 82380 and HLDA is an input. 
HOLD is asserted by the DMA Controller when there 
is a pending DMA request, thus requesting the proc- 
essor to give up control of the bus so the DMA pro- 
cess can take place. The 80386 responds by assert- 
ing HLDA when it is ready to relinquish control of the 
bus. 

The 82380 will begin operations on the bus one 
clock cycle after the HLDA signal goes active. For 
this reason, other devices on the bus should be in 
the slave mode when HLDA is active. 

HOLD and HLDA should not be used to gate or se- 
lect peripherals requesting DMA service. This is be- 
cause of the use of DMA-like operations by the 
DRAM Refresh Controller. The Refresh Controller is 
arbitrated with the DMA Controller for control of the 
bus, and refresh cycles have the highest priority. A 
refresh cycle will take place between DMA cycles 
without relinquishing bus control. See section 3.4.3 
for a more detailed discussion of the interaction be- 
tween the DMA Controller and the DRAM Refresh 
Controller. 



3.2.3 EOP# 

EOP# is a bi-directional signal used to indicate the 
end of a DMA process. The 82380 activates this as 
an output during the T2 states of the last Requester 
bus cycle for which a channel is programmed to exe- 
cute. The Requester should respond by either with- 
drawing its DMA request, or interrupting the host 
processor to indicate that the channel needs to be 
programmed with a new buffer. As an input, this sig- 
nal is used to tell the DMA Controller that the periph- 
eral being serviced does not require any more data 
to be transferred. This indicates that the current 
buffer is to be terminated. 

EOP# can be programmed as either an Asynchro- 
nous or a Synchronous input. See section 3.4.1 for 
details on synchronous versus asynchronous opera- 
tion of this pin. 



3.3 Modes of Operation 

The 82380 DMA Controller has many independent 
operating functions. When designing peripheral in- 
terfaces for the 82380 DMA Controller, all of the 
functions or modes must be considered. All of the 
channels are independent of each other (except in 
priority of operation) and can operate in any of the 
modes. Many of the operating modes, though inde- 
pendently programmable, affect the operation of 
other modes. Because of the large number of com- 
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binations possible, each programmable mode is dis- 
cussed here with its affects on the operation of other 
modes. The entire list of possible combinations will 
not be presented. 

Table 3-1 shows the categories of DMA features 
available in the 82380. Each of the five major cate- 
gories is independent of the others. The sub-catego- 
ries are the available modes within the major func- 
tion or mode category. The following sections 
explain each mode or function and its relation to oth- 
er features. 

Table 3-1 . DMA Operating Modes 

I. Target/Requester Definition 

a. Data Transfer Direction 

b. Device Type 

c. Increment/Decrement/Hold 

II. Buffer Processes 

a. Single Buffer Process 

b. Buffer Auto-Initialize Process 

c. Buffer Chaining Process 

III. Data Transfer/Handshake Modes 

a. Single Transfer Mode 

b. Demand Transfer Mode 

c. Block Transfer Mode 

d. Cascade Mode 

IV. Priority Arbitration 

a. Fixed 

b. Rotating 

c. Programmable Fixed 

V. Bus Operation 

a. Fly-By (Single-Cycle) /Two-Cycle 

b. Data Path Width 

c. Read, Write, or Verify Cycles 

3.3.1 TARGET/REQUESTER DEFINITION 

All DMA transfers involve three devices: the DMA 
Controller, the Requester, and the Target. Since the 
devices to be accessed by the DMA Controller vary 
widely/the operating characteristics of the DMA 
Controller must be tailored to the Requester and 
Target devices. 

The Requester can be defined as either the source 
or the destination of the data to be transferred. This 
is done by specifying a Write or a Read transfer, 
respectively. In a Read transfer, the Target is the 
data source and the Requester is the destination for 



the data. In a Write transfer, the Requester is the 
source and the Target in the destination. 

The Requester and Target addresses can each be 
independently programmed to be incremented, dec- 
remented, or held constant. As an example, the 
82380 is capable of reversing a string or data by 
having a Requester address increment and the Tar- 
get address decrement in a memory-to-memory 
transfer. 



3.3.2 BUFFER TRANSFER PROCESSES 

The 82380 DMA Controller allows three programma- 
ble Buffer Transfer Processes. These processes de- 
fine the logical way in which a buffer of data is ac- 
cessed by the DMA. 

The three Buffer Transfer Processes include the Sin- 
gle Buffer Process, the Buffer Auto-Initialize Pro- 
cess, and the Buffer Chaining Process. These pro- 
cesses require special programming considerations. 
See the DMA Programming section for more details 
on setting up the Buffer Transfer Processes. 



Single Buffer Process 

The Single Buffer Process allows the DMA channel 
to transfer only one buffer of data. When the buffer 
has been completely transferred (Current Byte 
Count decremented past zero or EOP# input ac- 
tive), the DMA process ends and the channel be- 
comes idle. In order for that channel to be used 
again, it must be reprogrammed. 

The single Buffer Process is usually used when the 
amount of data to be transferred is known exactly, 
and it is also known that there is not likely to be any 
data to follow before the operating system can 
reprogram the channel. 



Buffer Auto-Initialize Process 

The Buffer Auto-Initialize Process allows multiple 
groups of data to be transferred to or from a single 
buffer. This process does not require reprogram- 
ming. The Current Registers are automatically repro- 
grammed from the Base Registers when the current 
process is terminated, either by an expired Byte 
Count or by an external EOP# signal. The data 
transferred will always be between the same Target 
and Requester. 

The auto-initialization/process-execution cycle is re- 
peated, with a HOLD/HLDA re-arbitration, until the 
channel is either disabled or re-programmed. 
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Buffer Chaining Process 

The Buffer Chaining Process is useful for transfer- 
ring large quantities of data into non-contiguous 
buffer areas. In this process, a single channel is 
used to process data from several buffers, while 
having to program the channel only once. Each new 
buffer is programmed in a pipelined operation that 
provides the new buffer information while the old 
buffer is being processed. The chain is created by 
loading new buffer information while the 82380 DMA 
Controller is processing the Current Buffer. When 
the Current Buffer expires, the 82380 DMA Control- 
ler automatically restarts the channel using the new 
buffer information. 

Loading the new buffer information is done by an 
interrupt routine which is requested by the 82380. 
Interrupt Request 1 (IRQ1) is tied internally to the 
82380 DMA Controller for this purpose. 1RQ1 is gen- 
erated by the 82380 when the new buffer informa- 
tion is loaded into the channel's Current Registers, 
leaving the Base Registers 'empty'. The interrupt 
service routine loads new buffer information into the 
Base Registers. The host processor is required to 
load the information for another buffer before the 
current Byte Count expires. The process repeats un- 
til the host programs the channel back to single buff- 
er operation, or until the channel runs out of buffers. 

The channel runs out of buffers when the Current 
Buffer expires and the Base Registers have not yet 
been loaded with new buffer information. When this 
occurs, the channel must be reprogrammed. 

If an external EOP# is encountered while executing 
a Buffer Chaining Process, the current buffer is con- 
sidered expired and the new buffer information is 
loaded into the Current Registers. If the Base Regis- 
ters are 'empty', the chain is terminated. 

The channel uses the Base Target Address Register 
as an indicator of whether or not the Base Registers 
are full. When the most significant byte of the Base 
Target Register is loaded, the channel considers all 
Of the Base Registers loaded, and removes the in- 
terrupt request. This requires that the other Base 
Registers (Base Requester Address, Last Byte 
Count) must be loaded before the Base Target Ad- 
dress Register. The reason for implementing the re- 



loading process this way is that, for most applica- 
tions, the Byte Count and the Requester will not 
change from one buffer to the next, and therefore do 
not need to be reprogrammed. The details of pro- 
gramming the channel for the Buffer Chaining Pro- 
cess can be found in the section of DMA program- 
ming. 

3.3.3 DATA TRANSFER MODES 

Three Data Transfer modes are available in the 
82380 DMA Controller. They are the Single Transfer, 
Block Transfer, and Demand Transfer Modes. 
These transfer modes can be used in conjunction 
with any one of three Buffer Transfer modes: Single 
Buffer, Auto-Initialized Buffer, and Buffer Chaining. 
Any Data Transfer Modes can be used under any of 
the Buffer Transfer Modes. These modes are inde- 
pendently available for all DMA channels. 

Different devices being serviced by the DMA Con- 
troller require different handshaking sequences for 
data transfers to take place. Three handshaking 
modes are available on the 82380, giving the de- 
signer the opportunity to use the DMA Controller as 
efficiently as possible. The speed at which data can 
be presented or read by a device can affect the way 
a DMA controller uses the host's bus, thereby affect- 
ing not only data throughput during the DMA pro- 
cess, but also affecting the host's performance by 
limiting its access to the bus. 



Single Transfer Mode 

In the Single Transfer Mode, one data transfer to or 
from the Requester is performed by the DMA Con- 
troller at a time. The DREQn input is arbitrated and 
the HOLD/HLDA sequence is executed for each 
transfer. Transfers continue in this manner until the 
Byte Count expires, or until EOP# is sampled active. 
If the DREQn input is held active continuously, the 
entire DREQ-HOLD-HLDA-DACK sequence is re- 
peated over and over until the programmed number 
of bytes has been transferred. Bus control is re- 
leased to the host between each transfer. Figure 3-4 
shows the logical flow of events which make up a 
buffer transfer using the Single Transfer Model Re- 
fer to section 3.4 for an explanation of the bus con- 
trol arbitration prdcedure. 
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Figure 3-4. Buffer Transfer in 
Single Transfer Mode 



The Single Transfer Mode is used for devices which 
require complete handshake cycles with each data 
access. Data is transferred to or from the Requester 
only when the Requester is ready to perform the 
transfer. Each transfer requires the entire DREQ- 
HOLD-HLDA-DACK handshake cycle. Figure 3-5 
shows the timing of the Single Transfer Mode cy- 
cles. 



Block Transfer Mode 

In the Block Transfer Mode, the DMA process is ini- 
tiated by a DMA request and continues until the Byte 
count expires, or until EOP# is activated by the Re- 
quester. The DREQn signal need only be held active 
until the first Requester access. Only a refresh cycle 
will interrupt the block transfer process. 

Figure 3-6 illustrates the operation of the DMA dur- 
ing the Block Transfer Mode. Figure 3-7 shows the 
timing of the handshake signals during Block Mode 
Transfers. 
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Figure 3-5. DMA Single Transfer Mode 
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Figure 3-6. Buffer Transfer in 
Block Transfer Mode 



Demand Transfer Mode 

The Demand Transfer Mode provides the most flex- 
ible handshaking procedures during the DMA pro- 
cess. A Demand Transfer is initiated by a DMA re- 
quest. The process continues until the Byte Count 
expires, or an external EOP # is encountered. If the 
device being serviced (Requester) desires, it can in- 
terrupt the DMA process by de-activating the 
DREQn line. Action is taken on the condition of 
DREQn during Requester accesses only. The ac- 
cess during which DREQn is sampled inactive is the 
last Requester access which will be performed dur- 
ing the current transfer. Figure 3-8 shows the flow of 
events during the transfer of a buffer in the Demand 
Mode. 
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Figure 3-7. Block Mode Transfers 
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Figure 3-8. Buffer Transfer in 
Demand Transfer Mode 

When the DREQn line goes inactive, the DMA con- 
troller will complete the current transfer, including 
any necessary accesses to the Target, and relin- 
quish control of the bus to the host. The current pro- 
cess information is saved (byte count, Requester 
and Target addresses, and Temporary Register). 



The Requester can restart the transfer process by 
reasserting DREQn. The 82380 will arbitrate the re- 
quest with other pending requests and begin the 
process where it left off. Figure 3-9 shows the timing 
of handshake signals during Demand Transfer Mode 
operation. 

Using the Demand Transfer Mode allows peripherals 
to access memory in small, irregular bursts without 
wasting bus control time. The 82380 is designed to 
give the best possible bus control latency in the De- 
mand Transfer Mode. Bus control latency is defined 
here as the time from the last active bus cycle of the 
previous bus master to the first active bus cycle of 
the new bus master. The 82380 DMA Controller will 
perform its first bus access cycle two bus states af- 
ter HLDA goes active. In the typical configuration, 
bus control is returned to the host one bus state 
after the DREQn goes inactive. 

There are two cases where there may be more than 
one bus state of bus control latency at the end of a 
transfer. The first is at the end of an Auto-Initialize 
process, and the second is at the end of a process 
where the source is the Requester and Two-Cycle 
transfers are used. 

When a Buffer Auto-Initialize Process is complete, 
the 82380 requires seven bus states to reload the 
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Figure 3-9. Demand Mode Transfers 
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Current Registers from the Base Registers of the 
Auto-Initialized channel. The reloading is done while 
the 82380 is still the bus master so that it is prepared 
to service the channel immediately after relinquish- 
ing the bus, if necessary. 

In the case where the Requester is the source, and 
Two-Cycle transfers are being used, there are two 
extra idle states at the end of the transfer process. 
This occurs due to housekeeping in the DMA's inter- 
nal pipeline. These two idle states are present only 
after the very last Requester access, before the 
DMA Controller de-activates the HOLD signal. 

3.3.4 CHANNEL PRIORITY ARBITRATION 

DMA channel priority can be programmed into one 
of two arbitration methods: Fixed or Rotating. The 
four lower DMA channels and the four upper DMA 
channels operate as if they were two separate DMA 
controllers operating in cascade. The lower group of 
four channels (0-3) is always prioritized between 
channels 7 and 4 of the upper group of channels (4- 
7). Figure 3-10 shows a pictorial representation of 
the priority grouping. 

The priority can thus be set up as rotating for one 
group of channels and fixed for the other, or any 
other combination. While in Fixed Priority, the pro- 
grammer can also specify which channel has the 
lowest priority. 
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Figure 3- 10. DM A Priority Grouping 

The 82380 DMA Controller defaults to Fixed Priority. 
Channel has the highest priority, then 1 , 2, 3, 4, 5, 
6, 7. Channel 7 has the lowest priority. Any time the 
DMA Controller arbitrates DMA requests, the re- 
questing channel with the highest priority will be 
serviced next. 

Fixed Priority can be entered into at any time by a 
software command. The priority levels in effect 



after the mode switch are determined by the current 
setting of the Programmable Priority. 

Programmable Priority is available for fixing the prior- 
ity of the DMA channels within a group to levels oth- 
er than the default. Through a software command, 
the channel to have the lowest priority in a group 
can be specified. Each of the two groups of four 
channels can have the priority fixed in this way. The 
other channels in the group will follow the natural 
Fixed Priority sequence. This mode affects only the 
priority levels while operating with Fixed Priority. 

For example, if channel 2 is programmed to have the 
lowest priority in its group, channel 3 has the highest 
priority. In descending order, the other channels 
would have the following priority: (3, 0, 1 , 2), 4, 5, 6, 
7 (channel 2 lowest, channel 3 highest). If the upper 
group were programmed to have channel 5 as the 
lowest priority channel, the priority would be (again, 
highest to lowest): 6, 7, (3, 0, 1, 2), 4, 5. Figure 3-11 
shows this example pictorially. The lower group is 
always prioritized as a fifth channel of the upper 
group (between channels 4 and 7). 
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Figure 3-11. Example of Programmed Priority 



The DMA Controller will only accept Programmable 
Priority commands while the addressed group is op- 
erating in Fixed Priority. Switching from Fixed to Ro- 
tating Priority preserves the current priority levels. 
Switching from Rotating to Fixed Priority returns the 
priority levels to those which were last programmed 
by use of Programmable Priority. 

Rotating Priority allows the devices using DMA to 
share the system bus more evenly. An individual 
channel does not retain highest priority after being 
serviced, priority is passed to the next highest priori- 
ty channel in the group. The channel which was 
most recently serviced inherits the lowest priority. 
This rotation occurs each time a channel is serviced. 
Figure 3-12 shows the sequence of events as priori- 
ty is passed between channels. Note that the lower 
group rotates within the upper group, and that serv- 
icing a channel within the lower group causes rota- 
tion within the group as well as rotation of the upper 
group. 
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— default (highest to lowest) 

— channel 2 drops to lowest priority within group. 
Lower group drops to lowest priority within upper group. 
2(Double Rotation) 

nel 6 

—channel 6 drops to lowest priority within group 
nel 7 
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nel 
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Figure 3-12. Rotating Channel Priority. Lower and Upper 
groups are programmed for the Rotating Priority Mode. 
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3.3.5 COMBINING PRIORITY MODES 

Since the DMA Controller operates as two four- 
channel controllers in cascade, the overall priority 
scheme of all eight channels can take on a variety of 
forms. There are four possible combinations of prior- 



ity modes between the two groups of channels: 
Fixed Priority only (default), Fixed Priority upper 
group/ Rotating Priority lower group, Rotating Priority 
upper group/Fixed Priority lower group, and Rotating 
Priority only. Figure 3-13 illustrates the operation of 
the two combined priority methods. 
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CASE 10-3 Fixed Priority, 4-7 Rotating Priority 
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CASE 2 0-3 Rotating Priority, 4-7 Fixed Priority 



—Default priority 



After servicing channel 2 



— After servicing channel 6 



Default priority 



After servicing channel 2 



After servicing channel 6 



After servicing channel 1 



Figure 3-13. Combining Priority Modes 
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3.3.6 BUS OPERATION 

Data may be transferred by the DMA Controller us- 
ing two different bus cycle operations: Fly-By (one- 
cycle) and Two-Cycle. These bus handshake meth- 
ods are selectable independently for each channel 
through a command register. Device data path 
widths are independently programmable for both 
Target and Requester. Also selectable through soft- 
ware is the direction of data transfer. AH of these 
parameters affect the operation of the 82380 on a 
bus-cycle by bus-cycle basis. 

3.3.6.1 Fly-By Transfers 

The Fly-By Transfer Mode is the fastest and most 
efficient way to use the 82380 DMA Controller to 
transfer data. In this method of transfer, the data is 
written to the destination device at the same time it 
is read from the source. Only one bus cycle is used 
to accomplish the transfer. 

In the Fly-By Mode, the DMA acknowledge signal is 
used to select the Requester. The DMA Controller 
simultaneously places the address of the Target on 
the address bus. The state of M/IO# and W/R# 
during the Fly-By transfer cycle indicate the type of 
Target and whether the target is being written to or 
read from. The Target's Bus Size is used as an in- 
crementer for the Byte Count. The Requester ad- 
dress registers are ignored during Fly-By transfers. 

Note that memory-to-memory transfers cannot be 
done using the Fly-By Mode. Only one memory or 
I/O address is generated by the DMA Controller at a 
time during Fly-By transfers. Only one of the devices 
being accessed can be selected by an address. 
Also, the Fly-By method of data transfer limits the 
hardware to accesses of devices with the same data 
bus width. The Temporary Registers are not affect- 
ed in the Fly-By Mode. 

Fly-By transfers also require that the data paths of 
the Target and Requester be directly connected. 
This requires that successive Fly-By accesses be to 
doubleword boundaries, or that the Requester be 
capable of switching its connections to the data bus. 

3.3.6.2 Two-Cycle Transfers 

Two-Cycle transfers can also be performed by the 
82380 DMA Controller. These transfers require at 
least two bus cycles to execute. The data being 
transferred is read into the DMA Controller's Tempo- 
rary Register during the first bus cycle(s). The sec- 
ond bus cycle is used to write the data from the 
Temporary Register to the destination. 



If the addresses of the data being transferred are 
not word or doubleword aligned, the 82380 will rec- 
ognize the situation and read and write the data in 
groups of bytes, placing them always at the proper 
destination. This process of collecting the desired 
bytes and putting them together is called 'byte as- 
sembly'. The reverse process (reading from aligned 
locations and writing to non-aligned locations) is 
called 'byte disassembly*. 

The assembly/disassembly process takes place 
transparent to the software, but can only be done 
while using the Two-Cycle transfer method. The 
82380 will always perform the assembly/disassem- 
bly process as necessary for the current data trans- 
fer. Any data path widths for either the Requester or 
Target can be used in the Two-Cycle Mode. This is 
very convenient for interfacing existing 8- and 16-bit 
peripherals to the 80386's 32-bit bus. 

The 82380 DMA Controller always attempts to fill 
the Temporary Register from the source before writ- 
ing any data to the destination. If the process is ter- 
minated before the Temporary Register is filled (TG 
or EOP#), the 82380 will write the partial data to the 
destination. If a process is temporarily suspended 
(such as when DREQn is de-activated during a de- 
mand transfer), the contents of a partially filled Tem- 
porary Register will be stored within the 82380 until 
the process is restarted. 

For example, if the source is specified as an 8-bit 
device and the destination as a 32-bit device, there 
will be four reads as necessary from the 8-bit source 
to fill the Temporary Register. Then the 82380 will 
write the 32-bit contents to the destination. This cy- 
cle will repeat until the process is terminated or sus- 
pended. 

Note that for a Single-Cycle transfer mode of opera- 
tion (see section 3.3.3), the internal circuitry of the 
DMA Controller actually executes single transfers by 
removing the DREQ from the internal arbitration. 
Thus single transfers from an 8-bit requester to a 32- 
bit target will consist of four complete and indepen- 
dent 8-bit requester cycles, between which bus con- 
trol is released and re-requested. Finally, the 32-bit 
data will be transferred to the target device from the 
temporary register before the fifth requester cycle. 

With Two-Cycle transfers, the devices that the 
82380 accesses can reside at any address within 
I/O or memory space. The device must be able to 
decode the byte-enables (BEn#). Also, if the device 
cannot accept data in byte quantities, the program- 
mer must take care not to allow the DMA Controller 
to access the device on any address other than the 
device boundary. 
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3.3.6.3 Datapath Width and Data Transfer Rate 
Considerations 

The number of bus cycles used to transfer a single 
'word' of data Is affected by whether the Two-Cycle 
or the Fly-By (Single-Cycle) transfer method is used. 

The number of bus cycles used to transfer data di- 
rectly affects the data transfer rate. Inefficient use of 
bus cycles will decrease the effective data transfer 
rate that can be obtained. Generally, the data trans- 
fer rate is halved by using Two-Cycle transfers in- 
stead of Fly-By transfers. 

The choice of data path widths of both Target and 
Requester affects the data transfer rate also. During 
each bus cycle, the largest pieces of data possible 
should be transferred. 

The data path width of the devices to be accessed 
must be programmed into the DMA controller. The 
82380 defaults after reset to 8-bit-to-8-bit data trans- 
fers, but the Target and Requester can have differ- 
ent data path widths, independent of each other and 
independent of the other channels. Since this is a 
software programmable function, more discussion of 
the uses of this feature are found in the section on 
programming. 



3.3.6.4 Read, Write, and Verify Cycles 

Three different bus cycle types may be used in a 
data transfer. They are the Read, Write, and Verify 
cycles. These cycle types dictate the way in which 
the 82380 operates on the data to be transferred. 

A Read Cycle transfers data from the Target to the 
Requester. A Write Cycle transfers data from the 
Requester to the target. In a Fly-By transfer, the ad- 
dress and bus status signals indicate the access 
(read or write) to the Target; the access to the Re- 
quester is assumed to be the opposite. 

The Verify Cycle is used to perform a data read only. 
No write access is indicated or assumed in a Verify 
Cycle. The Verify Cycle is useful for validating block 
fill operations. An external comparator must be pro- 
vided to do any comparisons on the data read. 



3,4. Bus Arbitration and Handshaking 

Figure 3-14 shows the flow of events in the DMA 
request arbitration process. The arbitration se- 



quence starts when the Requester asserts a DREQn 
(or DMA service is requested by software). Figure 
3-15 shows the timing of the sequence of events 
following a DMA request. This sequence is executed 
for each channel that is activated. The DREQn sig- 
nal can be replaced by a software DMA channel re- 
quest with no change in the sequence. 
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Figure 3-14. Bus Arbitration and DMA Sequence 

After the Requester asserts the service request, the 
82380 will request control of the bus via the HOLD 
signal. The 82380 will always assert the HOLD sig- 
nal one bus state after the service request is assert- 
ed. The 80386 responds by asserting the HLDA sig- 
nal, thus releasing control of the bus to the 82380 
DMA Controller. 

Priority of pending DMA service requests is arbitrat- 
ed during the first state after HLDA is asserted by 
the 80386. The next state will be the beginning of 
the first transfer access of the highest priority pro- 
cess. 
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When the 82380 DMA Controller is finished with its 
current bus activity, it returns control of the bus to 
the host processor This is done by driving the 
HOLD signal inactive. The 82380 does not drive any 
address or data bus signals after HOLD goes low. It 
enters the Slave Mode until another DMA process is 
requested. The processor acknowledges that it has 
regained control of the bus by forcing the HLDA sig- 
nal inactive. Note that the 82380's DMA Controller 
will not re-request control of the bus until the entire 
HOLD/HLDA handshake sequence is complete. 

The 82380 DMA Controller will terminate a current 
DMA process for one of three reasons: expired byte 
count, end-of-process command (EOP# activated) 
from a peripheral, or de-activated DMA request sig- 
nal. In each case, the controller will de-assert HOLD 
immediately after completing the data transfer in 
progress. These three methods of process termina- 
tion are illustrated in Figures 3-16, 3-19, and 3-18, 
respectively. 



An expired byte count indicates that the current pro- 
cess is complete as programmed and the channel 
has no further transfers to process. The channel 
must be restarted according to the currently pro- 
grammed Buffer Transfer Mode, or reprogrammed 
completely, including a new Buffer Transfer Mode. 

If the peripheral activates the EOP# signal, it is indi- 
cating that it will not accept or deliver any more data 
for the current buffer. The 82380 DMA Controller 
considers this as a completion of the channel's cur- 
rent process and interprets the condition the same 
way as if the byte count expired. 

The action taken by the 82380 DMA Controller in 
response to a de-activated DREQn signal depends 
on the Data Transfer Mode of the channel. In the 
Demand Mode, data transfers will take place as long 
as the DREQn is active and the byte count has not 
expired. In the Block Mode, the controller will com- 
plete the entire block transfer without relinquishing 
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NOTE: 

Channel priority resolution takes place during the bus state before HLDA is asserted, allowing the DMA Controller to 
respond to HLDA without extra idle bus states. 



Figure 3-15. Beginning of a DMA process 
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the bus, even if DREQn goes inactive before the 
transfer fs complete. In the Single Mode, the control- 
ler will execute single data transfers, relinquishing 
the bus between each transfer, as long as DREQn is 
active. 

Normal termination of a DMA process due to expira- 
tion of the byte count (Terminal Count-TC) is shown 



in Figure 3-16. The condition of DREQn is ignored 
until after the process is terminated. If the channel is 
programmed to auto-initialize, HOLD will be held ac- 
tive for an additional seven clock cycles while the 
auto-initialization takes place. 

Table 3-3 shows the DMA channel activity due to 
EOP# or Byte Count expiring (Terminal Count). 
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Table 3-3. DMA Channel Activity Due to Terminal Count or External EOP# 
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Figure 3-16. Termination of a DMA Process Due to Expiration of Current Byte Count 
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The 82380 always relinquishes control of the bus 
between channel services. This allows the hardware 
designer the flexibility to externally arbitrate bus hold 
requests, if desired. If another DMA request is pend- 
ing when a higher priority channel service is com- 
pleted, the 82380 will relinquish the bus until the 
hold acknowledge is inactive. One bus state after 
the HLDA signal goes inactive, the 82380 will assert 
HOLD again. This is illustrated in Figure 3-17. 

3.4.1 SYNCHRONOUS AND ASYNCHRONOUS 
SAMPLING OF DREQn AND EOP# 

As an indicator that a DMA service is to be started, 
DREQn is always sampled asynchronously. It is 
sampled at the beginning of a bus state and acted 
upon at the end of the state. Figure 3-1 5 illustrates 
the start of a DMA process due to a DREQn input. 

The DREQn and EOP# inputs can be programmed 
to be sampled either synchronously or asynchro- 
nously to signal the end of a transfer. 

The synchronous mode affords the Requester one 
bus state of extra time to react to an access. This 
means the Requester can terminate a process on 
the current access, without losing any data. The 
asynchronous mode requires that the input signal be 
presented prior to the beginning of the last state of 
the Requester access. 



The timing relationships of the DREQn and EOP# 
signals to the termination of a DMA transfer are 
shown in Figures 3-18 and 3-19. Figure 3-18 shows 
the termination of a DMA transfer due to inactive 
DREQn. Figure 3-19 shows the termination of a 
DMA process due to an active EOP# input. 

In the Synchronous Mode, DREQn and EOP# are 
sampled at the end of the last state of every Re- 
quester data transfer cycle. If EOP# is active or 
DREQn is inactive at this time, the 82380 recognizes 
this access to the Requester as the last transfer. At 
this point, the 82380 completes the transfer in prog- 
ress, if necessary, and returns bus control to the 
host. 

In the asynchronous mode, the inputs are sampled 
at the beginning of every state of a Requester ac- 
cess. The 82380 waits until the end of the state to 
act on the input. 

DREQn and EOP# are sampled at the latest possi- 
ble time when the 82380 can determine if another 
transfer is required. In the Synchronous Mode, 
DREQn and EOP# are sampled on the trailing edge 
of the last bus state before another data access cy- 
cle begins. The Asynchronous Mode requires that 
the signals be valid one clock cycle earlier. 
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Figure 3-17. Switching between Active DMA Channels 
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Figure 3-18. Termination of a DMA Process Due to De-Asserting DREQn 
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Figure 3-19. Termination of a DMA Process Due to an External EOP# 
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While in the Pipeline Mode, if the NA# signal is sam- 
pled active during a transfer, the end of the state 
where NA# was sampled active is when the 82380 
decides whether to commit to another transfer. The 
device must de-assert DREQn or assert EOP# be- 
fore NA# is asserted, otherwise the 82380 will com- 
mit to another, possibly undesired, transfer. 

Synchronous DREQn and EOP# sampling allows 
the peripheral to prevent the next transfer from oc- 
curring by de-activating DREQn or asserting EOP# 
during the current Requester access, before the 
82380 DMA Controller commits itself to another 
transfer. The DMA Controller will not perform the 
next transfer if it has not already begun the bus cy- 
cle. Asynchronous sampling allows less stringent 
timing requirements than the Synchronous Mode, 
but requires that the DREQn signal be valid at the 
beginning of the next to last bus state of the current 
Requester access. 

Using the Asynchronous Mode with zero wait states 
can be very difficult. Since the addresses and con- 
trol signals are driven by the 82380 near half-way 



through the first bus state of a transfer, and the 
Asynchronous Mode requires that DREQn be active 
before the end of the state, the peripheral being ac- 
cessed is required to present DREQn only a few 
nanoseconds after the control information is avail- 
able. This means that the peripheral's control logic 
must be extremely fast (practically non-causal). An 
alternative is the Synchronous Mode. 

3.4.2 ARBITRATION OF CASCADED MASTER 
REQUESTS 

The Cascade Mode allows another DMA-type de- 
vice to share the bus by arbitrating its bus accesses 
with the 82380's. Seven of the eight DMA channels 
(0-3 and 5-7) can be connected to a cascaded de- 
vice. The cascaded device requests bus control 
through the DREQn line of the channel which is pro- 
grammed to operate in Cascade Mode. Bus hold ac- 
knowledge is signaled to the cascaded device 
through the EDACK lines. When the EDACK lines 
are active with the code for the requested cascade 
channel, the bus is available to the cascaded master 
device. 
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Figure 3«-20. Cascaded Bus Master 
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A Cascade cycle begins the same way a regular 
DMA cycle begins. The requesting bus master as- 
serts the DREQn line on the 82380. This bus control 
request arbitrated as any other DMA request would 
be. If any channel receives a DMA request, the 
82380 requests control of the bus. When the host 
acknowledges that it has released bus control, the 
82380 acknowledges to the requesting master that it 
may access the bus. The 82380 enters an idle state 
until the new master relinquishes control. 

A cascade cycle will be terminated by one of two 
events: DREQn going inactive, or HLDA going inac- 
tive. The normal way to terminate the cascade cycle 



is for the cascaded master to drop the DREQn sig- 
nal. Figure 3-21 shows the two cascade cycle termi- 
nation sequences. 

The Refresh Controller may interrupt the cascaded 
master to perform a refresh cycle. If this occurs, the 
82380 DMA Controller will de-assert the EDACK sig- 
nal (hold acknowledge to cascaded master) and wait 
for the cascaded master to remove its hold request. 
When the 82380 regains bus control, it will perform 
the refresh cycle in its normal fashion. After the re- 
fresh cycle has been completed, and if the cascad- 
ed device has re-asserted its request, the 82380 will 
return control to the cascaded master which was in- 
terrupted, 
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Figure 3-21. Cascade Cycle Termination 
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The 82380 assumes that it is the only device moni- 
toring the HLDA signal. If the system designer 
wishes to place other devices on the bus as bus 
masters, the HLDA from the processor must be in- 
tercepted before presenting it to the 82380. Using 
the Cascade capability of the 82380 DMA Controller 
offers a much better solution. 



3.4.3 ARBITRATION OF REFRESH REQUESTS 

The arbitration of refresh requests by the DRAM Re- 
fresh Controller is slightly different from normal DMA 
channel request arbitration. The 82380 DRAM Re- 
fresh Controller always has the highest priority of 
any DMA process. It also can Interrupt a process in 
progress. Two types of processes in progress may 
be encountered: normal DMA, and bus master cas- 
cade. 

In the event of a refresh request during a normal 
DMA process, the DMA Controller will complete the 
data transfer in progress and then execute the re- 
fresh cycle before continuing with the current DMA 
process. The priority of the interrupted process is 
not lost. If the data transfer cycle interrupted by the 
Refresh Controller is the last of a DMA process, the 
refresh cycle will always be executed before control 
of the bus is transferred back to the host. 

When the Refresh Controller request occurs during 
a cascade cycle, the Refresh Controller must be as- 
sured that the cascaded master device has relin- 
quished control of the bus before it can execute the 
refresh cycle. To do this, the DMA Controller drops 
the EDACK signal to the cascaded master and waits 
for the corresponding DREQn input to go inactive. 
By dropping the DREQn signal, the cascaded mas- 
ter relinquishes the bus. The Refresh Controller then 
performs the refresh cycle. Control of the bus is re- 
turned to the cascaded master if DREQn returns to 
an active state before the end of the refresh cycle, 
otherwise control is passed to the processor and the 
cascaded master loses its priority. 



3.5 DMA Controller Register Overview 

The 82380 DMA Controller contains 44 registers 
which are accessable to the host processor. Twen- 
ty-four of these registers contain the device ad- 
dresses and data counts for the individual DMA 
channels (three per channel). The remaining regis- 
ters are control and status registers for initiating and 
monitoring the operation of the 82380 DMA Control- 
ler. Table 3-4 lists the DMA Controller's registers 
and their accessability. 



Register Name 


Access 


Control/Status Register— One Each Per 


Group 




Command Register 1 


Write Only 


Command Register II 


Write Only 


Mode Register 1 


Write Only 


Mode Register II 


Write Only 


Software Request Register 


Read/Write 


Mask Set-Reset Register 


Write Only 


Mask Read-Write Register 


Read/ Write 


Status Register 


Readonly 


Bus Size Register 


Write Only 


Chaining Register 


Read/Write 


Channel Registers— One Each Per Channel 


Base Target Address 


WriteOnly 


Current Target Address 


Readonly 


Base Requester Address 


Write Only 


Current Requester Address 


Read Only 


Base Byte Count 


Write Only 


Current Byte Count 


Read Only 



Table 3-4. DMA Controller Registers 



3.5.1 CONTROL/STATUS REGISTERS 

The following registers are available to the host 
processor for programming the 82380 DMA Control- 
ler into its various modes and for checking the oper- 
ating status of the DMA processes. Each set of four 
DMA channels has one of each of these registers 
associated with it. 

Command Register I 

Enables or disables the DMA channels as a group. 
Sets the Priority Mode (Fixed or Rotating) of the 
group. This write-only register is cleared by a hard- 
ware reset, defaulting to all channels enabled and 
Fixed Priority Mode. 

Command Register II 

Sets the sampling mode of the DREQn and EOP# 
inputs. Also sets the lowest priority channel for the 
group in the Fixed Priority Mode. The functions pro- 
grammed through Command Register II default after 
a hardware reset to: asynchronous DREQn and 
EOP # , and channels 3 and 7 lowest priority. 

Mode Register I 

Mode Register I is identical in function to the Mode 
register of the 8237A. It programs the following func- 
tions for an individually selected channel: 
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Type of Transfer— read, write, verify 

Auto-^-lnitialize— enable or disable 

Target Address Count— increment or 

decrement 

Data Transfer Mode — demand, single, block, 

cascade 

Mode Register I functions default to the following 
after reset: verify transfer, Auto-Initialize disabled, In- 
crement Target address/Demand Mode. 

Mode Register II 

Programs the following functions for an individually 
selected channel: 

Target Address Hold— enable or disable 

Requester Address Count— increment or 

decrement 

Requester Address Hold — enable or disable 

Target Device Type— I/O or Memory 

Requester Device Type— I/O or Memory 

Transfer Cycles— Two-Cycle or Fly-By 

Mode Register II functions are defined as follows 
after a hardware reset: Disable target Address Hold, 
Increment Requester Address, Target (and Re- 
quester) in memory, Fly-By Transfer Cycles. Note: 
Requester Device Type ignored in Fly-By Transfers. 

Software Request Register 

The DMA Controller can respond to service requests 
which are initiated by software. Each channel has an 
internal request status bit associated with it. The 
host processor can write to this register to set or 
reset the request bit of a selected channel. 

The status of the group's software DMA service re- 
quests can be read from this register as well. Each 
request bit is cleared upon Terminal Count or exter- 
nal EOP#. 

The software DMA requests are non-maskable and 
subject to priority arbitration with all other software 
and hardware requests. The entire register is 
cleared by a hardware reset. 

Mask Registers 

Each channel has associated with it a mask bit 
which can be set/ reset to disable/enable that chan- 
nel. Two methods are available for setting and clear- 
ing the mask bits. The Mask Set/Reset Register is a 
write-only register which allows the host to select an 
individual channel and either set or reset the mask 
bit for that qhannel only. The Mask Read/ Write Reg- 
ister is available for reading the mask bit status and 
for writing mask bits in groups of four. 



The mask bits of a group may be cleared in one step 
by executing the Clear Mask Command. See the 
DMA Programming section for details. A hardware 
reset sets all of the channel mask bits, disabling all 
channels. 

Status Register 

The Status register is a read-only register which con- 
tains the Terminal Count (TC) and Service Request 
status for a group. Four bits indicate the TC status 
and four bits indicate the hardware request status 
for the four channels in the group. TheTC bits are 
set when the Byte Count expires, or when an exter- 
nal EOP# is asserted, these bits are cleared by 
reading from the Status Register. The Service Re- 
quest bit for a channel indicates when there is a 
hardware DMA request (DREQn) asserted for that 
channel. When the request has been removed, the 
bit is cleared. 

Bus Size Register 

This write-only register is used to define the bus size 
of the Target and Requester of a selected channel. 
The bus sizes programmed will be used to dictate 
the sizes of the date paths accessed when the DMA 
channel is active. The values programmed into this 
register affect the operation of the Temporary Regis- 
ter. Any byte-assembly required to make the trans- 
fers using the specified data path widths will be done 
in the Temporary Register. The Bus Size register of 
the Target is used as an increment/decrement value 
for the Byte Counter and Target Address when in 
the Fly-By Mode. Upon reset, all channels default to 
8-bit Targets and 8-bit Requesters. 

Chaining Register 

As a command or write register, the Chaiping regis- 
ter is used to , enable or disable, the Chaining Mode 
for a selected channel Chaining can either be dis- 
abled or enabled for an individual channel, indepen- 
dently of the Chaining Mode status of other chan- 
nels. After a hardware reset, all channels default to 
Chaining disabled. 

When read by the host, the Chaining Register pro- 
vides the status of the Chaining Interrupt of each; of 
the channels. These interrupt status bits are cleared 
when the new buffer information has been loaded. 



3.5.2 CHANNEL REGISTERS 

Each channel has three individually programmable 
registers necessary for the DMA process; they are 
the Base Byte Count, Base Target Address, and 
Base Requester Address registers. The 24-bit Base 
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Byte Count register contains the number of bytes to 
be transferred by the channel. The 32-bit Base Tar- 
get Address Register contains the beginning ad- 
dress (memory or I/O) of the Target device. The 32- 
bit Base Requester Address register contains the 
base address (memory or I/O) of the device which is 
to request DMA service. 

Three more registers for each DMA channel exist 
within the DMA Controller which are directly related 
to the registers mentioned above. These registers 
contain the current status of the DMA process. They 
are the Current Byte Count register, the Current Tar- 
get Address, and the Current Requester Address. It 
is these registers which are manipulated (increment- 
ed, decremented, or held constant) by the 82380 
DMA Controller during the DMA process. The Cur- 
rent registers are loaded from the Base registers. 

The Base registers are loaded when the host proc- 
essor writes to the respective channel register ad- 
dresses. Depending on the mode in which the chan- 
nel is operating, the Current registers are typically 
loaded in the same operation. Reading from the 
channel register addresses yields the contents of 
the corresponding Current register. 

to maintain compatibility with software which ac- 
cesses an 8237A, a Byte Pointer Flip-Flop is used to 
control access to the upper and lower bytes of some 
words of the Channel Registers. These words are 
accessed as byte pairs at single port addresses. The 
Byte Pointer Flip-Flop acts as a one-bit pointer 
which is toggled each time a qualifying Channel 
Register byte is accessed. It always points to the 
next logical byte to be accessed of a pair of bytes, 

The Channel registers are arranged as pairs of 
words, each pair with its own port address. Address- 
ing the port with the Byte Pointer Flip-Flop reset ac- 
cesses the least significant byte of the pair. The 
most significant byte is accessed when the Byte 
Pointer is set. 

For compatibility with existing 8237A designs, there 
is one exception to the above statements about the 
Byte Pointer Flip-Flop. The third byte (bits 16-23) of 
the Target Address is accessed through its own port 
address. The Byte Pointer Flip-Flop is not affected 
by any accesses to this byte. 

The upper eight bits of the Byte Count Register are 
cleared when the least significant byte of the regis- 
ter is loaded. This provides compatibility with soft- 
ware which accesses an 8237A. The 8237A has 
1 6-bit Byte Count Registers. 



3.5.3 TEMPORARY REGISTERS 

Each channel has a 32-bit Temporary Register used 
for temporary data storage during two-cycle DMA 
transfers. It is this register in which any necessary 
byte assembly and disassembly of non-aligned data 
is performed. Figure 3-22 shows how a block of data 
will be moved between memory locations with differ- 
ent boundaries. Note that the order of the data does 
not change. 



SOURCE 


DESTINATION 


20H 


A 


50H 
51 H 
52H 
53H 
54H 
55H 
56H 
57H 
58H 
59H 
5AH 




21 H 


B 




22H 


C 




23H 


D 


A 


24H 


E 


B 


25H 


F 


C 


26H 


G 


D 


27H 




E 






F 




G 







Target = source = 00000020H 
Requester = destination = 00000053H 
Byte Count = 000006H 

Figure 3-22. Transfer of Data between Memory 

Locations with Different Boundaries. This will be 

the result, independent of data path width. 

If the destination is the Requester and an early pro- 
cess termination has been indicated by the EOP# 
signal or DREQn inactive in the Demand Mode, the 
Temporary Register is not affected. If data remains 
in the Temporary Register due to differences in data 
path widths of the Target and Requester, it will not 
be transferred or otherwise lost, but will be stored for 
later transfer. 

If the destination is the Target and the EOP# signal 
is sensed active during the Requester access of a 
transfer, the DMA Controller will complete the trans- 
fer by sending to the Target whatever information is 
in the Temporary Register at the time of process 
termination. This implies that the Target could be 
accessed with partial data. For this reason it is ad- 
visable to have an I/O device designated as a Re- 
quester, unless it is capable of handling partial data 
transfers. 
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3.6 DMA Controller Programming 

Programming a DMA Channel to perform a needed 
DMA function is in general a four step process. First 
the global attributes of the DMA Controller are pro- 
grammed via the two Command Registers. These 
global attributes include: priority levels, channel 
group enablesrpriority mode* and DREQn/EOP# in- 
put sampling. 

The second step involves setting the operating 
modes of the particular channel. The Mode Regis- 
ters are used to define the type of transfer and the 
handshaking modes. The Bus Size Register and 
Chaining Register may also need to be programmed 
in this step. 

The third step is setting up the channel is to load the 
Base Registers in accordance with the needs of the 
operating modes chosen in step two. The Current 
Registers are automatically loaded from the Base 
Registers, if required by the Buffer Transfer Mode in 
effect. The information loaded and the order in 
which it is loaded depends on the operating mode. A 
channel used for cascading, for example, needs no 
buffer information and this step can be skipped en- 
tirely. 

The last step is to enable the newly programmed 
channel using one of the Mask Registers. The chan- 
nel is then available to perform the desired data 
transfer. The status of the channel can be observed 
at any time through the Status Register, Mask Reg- 
ister, Chaining Register, and Software Request reg- 
ister. 

Once the channel is programmed and enabled, the 
DMA process may be initiated in one of two ways, 
either by a hardware DMA request (DREQn) or a 
software request (Software Request Register). 

Once programmed to a particular Process/ Mode 
configuration, the channel will operate in that config- 
uration until programmed otherwise. For this reason, 
restarting a channel after the current buffer expires 
does not require complete reprogramming of the 
channel. Only those parameters which have 
changed need to be reprogramrhecl. The Byte Count 



Register is always changed and must be repro- 
grammed. A Target or Requester Address Register 
which is incremented or decremented should be re- 
programmed also. 

3.6.1 BUFFER PROCESSES 

The Buffer Process is determined by the Auto-Initial- 
ize bit of Mode Register I and the Chaining Register. 
If Auto-Initialize is enabled, Chaining should not be 
used. 

3.6.1.1 Single Buffer Process 

The Single Buffer Process is programmed by dis- 
abling Chaining via the Chaining Register and pro- 
gramming Mode Register I for non-Auto-Initialize. 

3.6.1.2 Buffer Auto-Initialize Process 

Setting the Auto-Initialize bit in Mode Register I is all 
that is necessary to place the channel in this mode. 
Buffer Auto-Initialize must not be enabled simulta- 
neous to enabling the Buffer Chaining Mode as this 
will have unpredictable results. 

Once the Base Registers are loaded, the channel is 
ready to be enabled. The channel will reload its Cur- 
rent Registers from the Base Registers each time 
the Current Buffer expires, either by an expired Byte 
Count or an external EOP# . 



3.6.1.3 Buffer Chaining Process 

The Buffer Chaining Process is entered into from the 
Single Buffer Process. The Mode Registers should 
be programmed first, with all of the Transfer Modes 
defined as if the channel were to operate in the Sin- 
gle Buffer Process. The channel's Base and Current 
Registers are then loaded. When the channel has 
been set up in this way, and the chaining interrupt 
service routine is in place, the Chaining Process can 
be entered by programming the Chaining Register. 
Figure 3.23 illustrates the Buffer Chaining Process. 

An interrupt (IRQ1) will be generated immediately af- 
ter the Chaining Process is entered, as the channel 
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then perceives the Base Registers as empty and in 
need of reloading. It is important to have the inter- 
rupt service routine in place at the time the Chaining 
Process is entered into. The interrupt request is re- 
moved when the most significant byte of the Base 
Target Address is loaded. 

The interrupt will occur again when the first buffer 
expires and the Current Registers are loaded from 
the Base Registers. The cycle continues until the 
Chaining Process is disabled, or the host fails to re- 
spond to IRQ1 before the Current Buffer expires. 











INSTALL IRQ1 INTERRUPT SERVICE ROUTINE 






4- 






SET THE CHANNEL TO NON-CHAINING PROCESS 






I 






PROGRAM THE MODE REGISTERS 






i 






LOAD BASE REGISTERS FOR FIRST BUFFER 






1 






SET THE CHANNEL TO CHAINING PROCESS 






^ 


(IRQ1 WILL BE ACTIVA1 


rED) 




ENABLE INTERRUPT 






^ 


(IRQ1 WILL NEED SERV 
LOAD BASE REGIS 


CE- 
TERS) 




ENABLE THE CHANNEL 






i 






FROM THIS POINT, THE HOST CAN PERFORM ANOTHER 

TASK. THE INTERRUPT SERVICE ROUTINE LEFT BEHIND 

WILL MAINTAIN THE CHANNEL. 






29012 


8-36 



Figure 3-23. Flow of Events in the 
Buffer Chaining Process 



Exiting the Chaining Process can be done by reset- 
ting the Chaining Mode Register. If an interrupt is 
pending for the channel when the Chaining Register 
is reset, the interrupt request will be removed. The 
Chaining Process can be temporarily disabled by 
setting the channel's Mask bit in the Mask Register. 

The interrupt service routine for IRQ1 has the re- 
sponsibility of reloading the Base Register as neces- 
sary. It should check the status of the channel to 
determine the cause of channel expiration, etc. It 
should also have access to operating system infor- 
mation regarding the channel, if any exists. The 
IRQ1 service routine should be capable of determin- 
ing whether the chain should be continued or termi- 
nated and act on that information. 



3.6.2 DATA TRANSFER MODES 

The Data Transfer Modes are selected via Mode 
Register I. The Demand, Single, and Block Modes 
are selected by bits D6 and D7. The individual trans- 
fer type (Fly-By vs Two-Cycle, Read-Write- Verify, 
and I/O vs Memory) is programmed through both of 
the Mode registers. 



3.6.3 CASCADED BUS MASTERS 

The Cascade Mode is set by writing ones to D7 and 
D6 of Mode Register I. When a channel is pro- 
grammed to operate in the Cascade Mode, all of the 
other modes associated with Mode Registers I and II 
are ignored. The priority and DREQn/EOP# defini- 
tions of the Command Registers will have the same 
effect on the channel's operation as any other 
mode. 



3.6.4 SOFTWARE COMMANDS 

There are five port addresses which, when written 
to, command certain operations to be performed by 
the 82380 DMA Controller. The data written to these 
locations is not of consequence, writing to the loca- 
tion is all that is necessary to command the 82380 to 
perform the indicated function. Following are de- 
scriptions of the command function. 
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Clear Byte Pointer Flip-Flop— location 000CH 

Resets the Byte Pointer Flip^Flop. This command 
should be performed at the beginning of any access 
to the channel registers in order to be assured of 
beginning at a predictable place in the register pro- 
gramming sequence. 

Master Clear— location 000DH 

All DMA functions are set to their default states. This 
command is the equivalent of a hardware reset to 
the DMA Controller. Functions other than those in 
the DMA Controller section of the 82380 are not af- 
fected by this command. 

Clear Mask 

Register —Channels 0-3— location 000EH 
Channels 4-7— location OOCEH 



This command simultaneously clears the Mask Bits 
of all channels in the addressed group, enabling all 
of the channels in the group. 

Clear TC Interrupt Request^location 001 EH 

This command resets the Terminal Count Interrupt 
Request Flip-Flop. It is provided to allow the pro- 
gram which made a software DMA request to ac- 
knowledge that it has responded to the expiration of 
the requested channel(s). 



3.7 Register Definitions 

The following diagrams outline the bit definitions and 
functions of the 82380 DMA Controller's Status and 
Control Registers. The function and programming of 
the registers is covered in the previous section on 
DMA Controller Programming. An entry of 'X' as a bit 
value indicates "don't care." 



Channel Registers 
Channel 


Register Name 


(Read Current, Write Base) 
Address Byte 


Bits 






(Hex) 


Pointer 


Accessed 


Channel 


Target Address 


00 



1 


Q-7 
8-15 






87 


X 


16-23 






10 





24-31 




Byte Count 


01 



1 


0-7 
8-15 






11 





16-23 




Requester Address 


90 



1 


0-7 
8-15 






91 




1 


16-23 
24-31 


Channel 1 


Target Address 


02 




1 


0-7 
8-15 






83 


X 


16-23 






12 





24-31 




Byte Count 


03 




'• 1 ■ 


0-7 
8-15 






13 





16-23 




Requester Address 


92 




1 


0-7 
8-15 






93 




1 


16-23 
24-31 
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Channel Registers 
Channel 


Register Name 


(Read Current, Write Base) 
Address Byte 
(Hex) Pointer 


Bits 
Accessed 


Channel 2 


Target Address 


04 



1 


0-7 
8-15 






81 


X 


16-23 






14 





24-31 




Byte Count 


05 




1 


0-7 
8-15 






15 





16-23 




Requester Address 


94 




1 


0-7 
8-15 






95 




1 


16-23 
24-31 


Channel 3 


Target Address 


06 




1 


0-7 
8-15 






82 


X 


16-23 






16 





24-31 




Byte Count 


07 




1 


0-7 
8-15 






17 





16-23 




Requester Address 


96 




1 


0-7 
8-15 






97 




1 


16-23 
24-31 


Channel 4 


Target Address 


CO 




1 


0-7 
8-15 






8F 


X 


16-23 






DO 





24-31 




Byte Count 


C1 




1 


0-7 
8-15 






D1 





16-23 




Requester Address 


98 




1 


0-7 
8-15 






99 




1 


16-23 
24-31 


Channel 5 


Target Address 


C2 




1 


0-7 
8-15 






8B 


X 


16-23 






D2 


o 


24-31 




Byte Count 


C3 




1 


0-7 
8-15 






D3 





16-23 




Requester Address 


9A 




1 


0-7 
8-15 






9B 




1 


16-23 
24-31 
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Channel Registers 
Channel 


Register Name 


(Read Current, Write Base) 
Address Byte 
(Hex) Pointer 


Bits 
Accessed 


Channel 6 


Target Address 


C4 



1 


0-7 
8-15 






89 


X 


16-23 






D4 





24-31 




Byte Count 


C5 



1 


0-7 
8-15 






D5 





16-23 




Requester Address 


9C 



1 


0-7 
8-15 






9D 



1 


16-23 
24-31 


Channel 7 


Target Address 


C6 



1 


0-7 
8*15 






8A 


X 


16-23 






D6 





24-31 




Byte Count 


C7 




1 


0-7 
8-15 






D7 





16-23 




Requester Address 


9E 




1 


0-7 
8-15 






9F 




1 


16-23 
24-31 



Command Register I 



(Write Only) 



Port Address—Channels 0-3— 0008H 
Channels 4-7— 00C8H 



D7 


D6 


D5 D4 


D3 


D2 


D1 


DO 


-GROUP MASK 

= ENABLE CHANNELS 

1 = DISABLE CHANNELS 


290128-37 


LZ 


* 


x| r 


x 


r 


* 


* 






i 




















as FIXED PRIORITY 

1 = ROTATING PRIORITY 



Command Register II 



(Write Only) 



Port Addresses— Channels 0-3 — 001 AH 
Channels 4-7— 00DAH 



D7 D6 D5 D4 D3 D2 D1 DO 
| | | | PL | PL | ES | PS | 



DREQn SAMPLING 
E0P# SAMPLING 

= ASYNCHRONOUS 

1 = SYNCHRONOUS 
LOW PRIORITY LEVEL SET 

00 = CHANNEL 
01= CHANNEL 
10= CHANNEL 
1 1 = CHANNEL 



0(4) 
1(5) 



LOWEST 
LOWEST 
LOWEST 
LOWEST 
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Mode Register I 



(Write Only) 



Port Addresses— Channels 0-3— 000BH 
Channels 4-7— OOCBH 



D7 D6 D5 D4 D3 D2 D1 DO 



u. 



C1 I CO I 

T_L_ 



CHANNEL SELECT 
00 = CHANNEL 
01= CHANNEL 
10= CHANNEL 
1 1 = CHANNEL 



04 
1 (5i 
2(6) 
3 7) 



» TRANSFER TYPE 

00 = VERIFY 

01 = WRITE 
10 = READ 
11=ILLEGAL 

XX IF IN CASCADE MODE 

• AUTO-INITIALIZE 

= DISABLE, 1= ENABLE 

- TARGET INCREMENT/DECREMENT 
= INCREMENT TARGET 
1= DECREMENT TARGET* 
X IF TARGET HOLD ENABLED 

• DATA TRANSFER MODE 

00 = DEMAND MODE 

01 = SINGLE TRANSFER MODE 
10 = BLOCK MODE 
11=CASCADEM0DE 



290128-39 



* Target and Requester DECREMENT is allowed only for byte transfers. 



Mode Register II 



(Write Only) 



Port Addresses— Channels 0-3— 001 BH 
Channels 4-7— OODBH 



D7 D6 D5 D4 D3 D2 D1 DO 



| CY RP | TD | RH | Rl | TH | C1 | CO | 



- CHANNEL SELECT 

SEE MODE REGISTER I 

- TARGET HOLD 

= INCREMENT/DECREMENT 

1 = HOLD 

• REQUESTER INCREMENT 

= INCREMENT 

1 = DECREMENT* 

X IF REQUESTER HOLD ENABLED 

• REQUESTER HOLD , 

= INCREMENT/DECREMENT 
1=H0LD 

• TARGET DEVICE TYPE 

= MEMORY 

1= INPUT/OUTPUT 

» REQUESTER DEVICE TYPE 
= MEMORY 
1= INPUT/OUTPUT 

• TRANSFER CYCLES , 

= ONE-CYCLE (FLY-BY) 

1 = TWO-CYCLE 
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" Target and Requester DECREMENT is allowed only for byte transfers. 
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Software Request Register 



(Read/Write) 



Port Addresses— Channels 0-3— 0009H 
Channels 4-7— 00C9H 



Write Format: 



Software DMA Service Request 



D7 D6 05 D4 D3 D2 



D1 DO 



| X | X | X | X | X | R C1 | CO I 



- CHANNEL SELECT 

SEE MODE REGISTER I 

•REQUEST SERVICE 

= REMOVE REQUEST 
1= ASSERT REQUEST 



Read Format: 



Software Requests Pending 



D7 


D6 


D5 


D4 


D3 D2 


D1 


DO 1 =REQUEST PENDING 


290128-42 


LZ 


X 


* 


* 


SR3 


SR2 


SRI 


SROj 


< 














1 


L^— CHANNEL 0(4) REQUEST 























Mask Set/Reset Register 



Individual Channel Mask (Write Only) 



Port Addresses— Channels 0-3— 000AH 
Channels 4-7— OOCAH 



D7 


D6 


D5 


D4 


D3 D2 D1 


DO 


• CHANNEL SELECT 

SEE MODE REGISTER I 

•MASK SET BIT 

= CLEAR MASK (ENABLE) 
1= SET MASK (DISABLE) 


290128-43 


LZ 


* 


x 


X 


X | M 


C1 


CO | 






I 


I 
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Mask Read /Write Register 



Group Channel Mask (Read/Write) 



Port Addresses— Channels 0-3— 000FH 
Channels 4-7— OOCFH 



D7 


D6 


D5 


D4 


D3 


D2 


D1 DO 


290128-44 


IZ 


* 


* 


x 


M3 


M2 


M1 | MO | 


















1 L_ CHANNEL 0(4) MASK BIT 
■ CHANNEL 1 (5) MASK BIT 














MASK BIT =0 -CHANNEL ENABLE 
= 1 -CHANNEL DISABLE 



Status Register 



Channel Process Status (Read Only) 



Port Addresses— Channels 0-3— 0008H 
Channels 4-7— 00C8H 



D7 D6 D5 04 D3 



D2 



D1 DO 



R3 R2 



IZ[ 



RO 



TC3 



TC2 



| TC1 | TCP ( 



- CHANNEL (4) EXPIRED 1 = EXPIRED 

- CHANNEL 1 (5) EXPIRED 
-CHANNEL 2(6) EXPIRED 
-CHANNEL 3(7) EXPIRED 

-CHANNEL 0(4) REQUEST 1 = REQUEST 
-CHANNEL 1 (5) REQUEST PENDING 
-CHANNEL 2(6) REQUEST 
•CHANNEL 3(7) REQUEST 
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Bus Size Register 



Set Data Path Width (Write Only) 



Port Addresses— Channels 0-3— 001 8H 
Channels 4-7— 00D8H 



D7 D6 D5 D4 


D3 


D2 


D1 


DO 


290128-46 


|rbsi|rbso|tbsi|tbso| 


» 


o 


C1 


CO | 
















I 


I 




SEE MODE REGISTER I 



























Bus Size Encoding: 

00 = Reserved by Intel 10 = 16-bit Bus 
01= 32-bit Bus 11= 8-bit Bus 
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Chaining Register 



(Read/Write) 



Port Addresses— Channels 0-3— 001 9H 
Channels 4-7— 00D9H 



Write Format: 



Set Chaining Mode 



D7 D6 D5 D4 D3 D2 



D1 DO 



I ° I ° I ° I ° 



CH 



CI | CO | 



-CHANNEL SELECT 

SEE MODE REGISTER I 

-CHAINING ENABLE BIT 

= DISABLE CHAINING MODE 

1 = ENABLE CHAINING MODE 
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Read Format: 



Channel Interrupt Status 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IZ 


* 


X 


* 


CI3 


CI2 


« 


c.o| 


















1 


■ - CHANNEL (4) BASE EMPTY 
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3.8 8237A Compatibility 

The register arrangement of the 82380 DMA Con- 
troller is a superset of the 8237A DMA Controller. 
Functionally the 82380 DMA Controller is very differ- 
ent from the 8237A. Most of the functions of the 
8237A are performed also by the 82380. The follow- 
ing discussion points out the differences between 
the 8237A and the 82380. 

The 8237A is limited to transfers between I/O and 
memory only (except in one special case, where two 
channels can be used to perform memory-to-memo- 
ry transfers). The 82380 DMA Controller can transfer 
between any combination of memory and I/O. Sev- 
eral other features of the 8237A are enhanced or 
expanded in the 82380 and other features are add- 
ed. 

The 8237A is an 8-bit only DMA device. For pro- 
gramming compatibility, all of the 8-bit registers are 
preserved in the 82380. The 82380 is programmed 
via 8-bit registers. The address registers in the 
82380 are 32-bit registers in order to support the 



80386's 32-bit bus. The Byte Count Registers are 
24-bit registers, allowing support of larger data 
blocks than possible with the 8237A. 

All of the 8237A's operating modes are supported 
by the 82380 (except the cumbersome two-channel 
memory-to-memory transfer). The 82380 performs 
memory-to-memory transfers using only one chan- 
nel. The 82380 has the added features of buffer 
pipelining (Buffer Chaining Process), programmable 
priority levels, and Byte Assembly. 

The 82380 also adds the feature of address regis- 
ters for both destination and source. These address- 
es may be incremented, decremented, or held con- 
stant, as required by the application of the individual 
channel. This allows any combination of destination 
and source device. 

Each DMA channel has associated with it a Target 
and a Requester. In the 8237A, the Target is the 
device which can be accessed by the address regis- 
ter, the Requester is the device which is accessed 
by the DMA Acknowledge signals and must be an 
I/O device. 
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4.0 Programmable Interrupt 
Controller (PIC) 



can be individually programmed with its own inter- 
rupt vector, allowing more flexibility in interrupt vec- 
tor mapping. 



4.1 Functional Description 

The 82380 Programmable Interrupt Controller (PIC) 
consists of three enhanced 82C59A Interrupt Con- 
tollers. These three controllers together provide 1 5 
external and 5 internal interrupt request inputs. Each 
external request input can be cascaded with an ad- 
ditional 82C59A slave collector. This scheme allows 
the 82380 to support a maximum of 120 (15 x 8) 
external interrupt request inputs. 

Following one or more interrupt requests, the 82380 
PIC issues an interrupt signal to the 80386. When 
the 80386 host processor responds with an interrupt 
acknowledge signal, the PIC will arbitrate between 
the pending interrupt requests and place the inter- 
rupt vector associated with the highest priority pend- 
ing request on the data bus. 

The major enhancement in the 82380 PIC over the 
82C59A is that each of the interrupt request inputs 



4.1.1 INTERNAL BLOCK DIAGRAM 

The block diagram of the 82380 Programmable In- 
terrupt Controller is shown in Figure 4-1. Internally, 
the PIC consists of three 82C59A banks: A, B and C. 
The three banks are cascaded to one another: C is 
cascaded to B, B is cascaded to A. The INT output 
of Bank A is used externally to interrupt the 80386. 

Bank A has nine interrupt request inputs (two are 
unused), and Banks B and C have eight interrupt 
request inputs. Of the fifteen external interrupt re- 
quest inputs, two are shared by other functions. Spe- 
cifically, the Interrupt Request 3 input (IRQ3#) can 
be used as the Timer 2 output (TOUT2#). This pin 
can be used in three different ways: IRQ3# input 
only, TOUT2# output only, or using TOUT2# to 
generate an IRQ3# interrupt request. Also, the In- 
terrupt Request 9 input (IRQ 9#) can be used as 
DMA Request 4 input (DREQ4). Typically, only 
IRQ9# or DREQ4 can be used at a time. 
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IRQ18# 
IRQ19# 
IRQ20# 
IRQ21# 
IRQ22# 
IRQ23# 
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Figure 4-1. Interrupt Controller Block Diagram 
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4.1.2 INTERRUPT CONTROLLER BANKS 

All three banks are identical, with the exception of 
the IRQ1 .5 on Bank A. Therefore, only one bank will 
be discussed. In the 82380 PIC, all external requests 
can be cascaded into and each interrupt controller 
bank behaves like a master. As compared to the 
82C59A, the enhancements in the banks are: 

— All interrupt vectors are individually programma- 
ble, (In the 82C59A, the vectors must be pro- 
grammed in eight consecutive interrupt vector lo- 
cations.) 



— The cascade address is provided on the Data 
Bus (D0-D7). (In the 82C59A, three dedicated 
control signals (CASO, CAS1 , CAS2) are used for 
master/slave cascading.) 

The block diagram of a bank is shown in Figure 4-2. 
As can be seen from this figure, the bank consists of 
six major blocks: the Interrupt Request Register 
(IRR), the In-Service Register (ISR), the Interrupt 
Mask Register (IMR), the Priority foesolver (PR), the 
Vector Register (VR), and the Control Logic. The 
functional description of each block follows. 
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Figure 4-2. Interrupt Bank Block Diagram 
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INTERRUPT REQUEST (IRR) AND IN-SERVICE 
REGISTER (ISR) 

The interrupts at the Interrupt Request (IRQ) input 
lines are handled by two registers in cascade, the 
Interrupt Request Register (IRR) and the In-Service 
Register (ISR). The IRR is used to store all interrupt 
levels which are requesting service; and the ISR is 
used to store all interrupt levels which are being 
serviced. 

PRIORITY RESOLVER (PR) 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
an Interrupt Acknowledge cycle. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked (disabled). The IMR operates on 
the IRR. Masking of a higher priority input will not 
affect the interrupt request lines of lower priority. 

VECTOR REGISTERS (VR) 

This block contains a set of Vector Registers, one 
for each interrupt request line, to store the pre-pro- 
grammed interrupt vector number. The correspond- 
ing vector number will be driven onto the Data Bus 
of the 82380 during the Interrupt Acknowledge cy- 
cle. 

CONTROL LOGIC 

The Control Logic coordinates the overall operations 
of the other internal blocks within the same bank. 
This logic will drive the Interrupt Output signal (INT) 
HIGH when one or more unmasked interrupt inputs 
are active (LOW). The INT output signal goes direct- 
ly to the 80386 (in Bank A) or to another bank to 
which this bank is cascaded (see Figure 4-1). Also, 
this logic will recognize an Interrupt Acknowledge 
cycle (via M/IO#, D/C# and W7R# signals). During 
this bus cycle, the Control Logic will enable the cor- 
responding Vector Register to drive the interrupt 
vector onto the Data Bus. 

In Bank A, the Control Logic is also responsible for 
handling the special ICW2 interrupt request input 
(IRQ1.5#). 



4.2 Interface Signals 



4.2.1 INTERRUPT INPUTS 

There are 1 5 external Interrupt Request inputs and 5 
internal Interrupt Requests. The external request in- 
puts are: IRQ3#, IRQ9#, IRQ11 # to IRQ23#. They 
are shown in bold arrows in Figure 4-1 . All IRQ in- 
puts are active LOW and they can be programmed 
(via a control bit in the Initialization Command Word 
1 (ICW1)) to be either edge-triggered or level-trig- 
gered. In order to be recognized as a valid interrupt 
request, the interrupt input must be active (LOW) un- 
til the first INTA# cycle (see Bus Functional De- 
scription). Note that all 1 5 external Interrupt Request 
inputs have weak internal pull-up resistors. 

As mentioned earlier, an 82C59A can be cascaded 
to each external interrupt input to expand the inter- 
rupt capacity to a maximum of 120 levels. Also, two 
of the interrupt inputs are dual functions: IRQ3# can 
be used as Timer 2 output (TOUT2#) and IRQ9# 
can be used as DREQ4 input. IRQ3# is a bidirec- 
tional dual function pin. This interrupt request input is 
wired-OR with the output of Timer 2 (TOUT2#). If 
only IRQ3# function is to be used, Timer 2 should 
be programmed so that OUT2 is LOW. Note that 
TOUT2# can also be used to generate an interrupt 
request to IRQ3# input. 

The five internal interrupt requests serve special 
system functions. They are shown in Table 4-1 . The 
following paragraphs describe these interrupts. 

Table 4-1. 82380 Internal Interrupt Requests 



Interrupt Request 


Interrupt Source 


IRQ0# 
IRQ8# 
IRQ1 # 
IRQ4# 
IRQ1.5# 


Timer 3 Output (TOUT3#) 
Timer Output (TOUT0#) 
DMA Chaining Request 
DMA Terminal Count 
ICW2 Written 



TIMER AND TIMER 3 INTERRUPT REQUESTS 
[IRQ0#] 

IRQ8# and IRQ0# interrupt requests are initiated 
by the output of Timers and 3, respectively. Eaqh 
of these requests is generated by an edge-detector 
flip-flop. The flip-flops are activated by the following 
conditions: 

Set— Rising edge of timer output (TOUT); 

Clear— I nterrupt acknowledge for this request; 
OR Request is masked (disabled); OR 
Hardware Reset. 
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CHAINING AND TERMINAL COUNT INTERRUPTS 
[IRQ1#] 

These interrupt requests are generated by the 
82380 DMA Controller. The chaining request 
(IRQ1 #) indicates that the DMA Base Register is 
not loaded. The Terminal Count request (IRQ4#) in- 
dicates that a software DMA request was cleared. 

ICW2 INTERRUPT REQUEST [IRQ1.5#] 

Whenever an Initialization Control Word 2 (ICW2) is 
written to a Bank, a special ICW2 interrupt request is 
generated. The interrupt will be cleared when the 
newly programmed ICW2 Register is read. This in- 
terrupt request is in Bank A at level 1.5. This inter- 
rupt request is internally ORed with the Cascaded 
Request from Bank B and is always assigned a high- 
er priority than the Cascaded Request. 

This special interrupt is provided to support compati- 
bility with the original 82C59A. A detailed description 
of this interrupt is discussed in the Programming 
section. 

DEFAULT INTERRUPT [«RQ7#] 

During an Interrupt Acknowledge cycle, if there is no 
active pending request, the PIC will automatically 



generate a default vector. This vector corresponds 
to the IRQ7# vector in Bank A. 



4.2.2 INTERRUPT OUTPUT (INT) 

The INT output pin is taken directly from bank A. 
This signal should be tied to the Maskable Interrupt 
Request (INTR) of the 80386. When this signal is 
active (HIGH), it indicates that one or more internal/ 
external interrupt requests are pending. The 80386 
is expected to respond with an interrupt acknowl- 
edge cycle. 



4.3 Bus Functional Description 

The INT output of bank A will be activated as a result 
of any unmasked interrupt request. This may be a 
non-cascaded or cascaded request. After the PIC 
has driven the INT signal HIGH, 80386 will respond 
by performing two interrupt acknowledge cycles. 
The timing diagram in Figure 4-3 shows a typical in- 
terrupt acknowledge process between the 82380 
and the 80386 CPU. 



IDLE 
(4 BUS STATES) 



INTERRUPT ACKNOWLEDGE 
CYCLE 2 (5 WAIT STATES) 



CLK 



READY# 



D0-D7 




M/IO# __> 

°/c# xxxxx 

W/R# YYYYY1 



SEE NOTE 



^FR 



SEE NOTE 
I I 

290128-51 



NOTE: ' 

What is actually driven on the Data Bus depends on if the current interrupt request is a Slave Request. 

iNTA Cycle 1 INTA Cycle 2 

NON-SLAVE REQUEST 00H Vector 

SLAVE REQUEST Slave Address High Impedance* 

*Slave will place a vector at this time. 



Figure 4-3. Interrupt Acknowledge Cycle 
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After activating the INT signal, the 82380 monitors 
the status lines (M/iO#, D/C#, W/R#) and waits 
for the 80386 to initiate the first interrupt acknowl- 
edge cycle. In the 80386 environment, two succes- 
sive interrupt acknowledge cycles (INTA) marked by 
M/IO# = LOW, D/C# = LOW, and W/R# = 
LOW are performed. During the first INTA cycle, the 
PIC will determine the highest priority request. As- 
suming this interrupt input has no external Slave 
Controller cascaded to it, the 82380 will drive the 
Data Bus with 00H in the first INTA cycle. During the 
second INTA cycle, the 82380 PIC will drive the 
Data Bus with the corresponding preprogrammed in- 
terrupt vector. 

If the PIC determines (from the ICW3) that this inter- 
rupt input has an external Slave Controller cascaded 
to it, it will drive the Data Bus with the specific Slave 
Cascade Address (ihstead of 00H) during the first 
INTA cycle. This Slave Cascade Address is the pre- 
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be 00H. Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INTA cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec- 
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 
and direction control logic must take this into consid- 
eration. 

In order to have a successful interrupt service, the 
interrupt request input must be held active (LOW) 
until the beginning of the first interrupt acknowledge 
cycle. If there is no pending interrupt request when 
the first INTA cycle is generated, the PIC will gener- 
ate a default vector, which is the JRQ7 vector (bank 
A level 7). 

According to the Bus Cycle definition of the 80386, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These idle bus cycles 
will be initiated by the 80386. Also, during each inter- 
rupt acknowledge cycle, the internal Wait State Gen- 
erator of the 82380 will automatically generate the 
required number of wait states for internal delays. 



4.4 Mode of Operation 

A variety of modes and commands are available for 
controlling the 82380 PIC. All of them are program- 
mable; that is, they may be changed dynamically un- 
der software control. In fact, each bank can be pro- 
grammed individually to operate in different modes. 
With these modes and commands, many possible 



configurations are conceivable, giving the user 
enough versatility for almost any interrupt controlled 
application. 

This section is not intended to show how the 82380 
PIC can be programmed. Rather, it describes the 
operation in different modes. 

4.4.1 END-OF-INTERRUPT 

Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISR can 
be updated. This allows the PIC to keep track of 
which interrupt levels are in the process of being 
serviced and their relative priorities. Three different 
End-Of-lnterrupt (EOI) formats are available. They 
are: Non-Specific EOI Command, Specific EOI Com- 
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera- 
tions the user wishes to perform. 

If the 82380 is NOT programmed in the Automatic 
EOI Mode, an EOI command must be issued by the 
80386 to the specific 82380 PIC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam- 
ple, if an interrupt request of Bank C in the 82380 
PIC is serviced, an EOI should be written into Bank 
C, Bank B and Bank A. If the request comes from an 
external interrupt controller cascaded to Bank C, 
then an EOI should be written into the external con- 
troller as well. 

NON-SPECIFIC EOI COMMAND 

A Non-Specific EOI command sent from the 80386 
lets the 82380 PIC bank know when a service rou- 
tine has been completed, without specification of its 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re- 
sets the correct bit in the ISR. 

To take advantage of the Non-Specific EOI, the in- 
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most recent level acknowl- 
edged and serviced is always the highest priority lev- 
el (i.e., in the Fully Nested Mode structure to be de- 
scribed below). When the interrupt bank receives a 
Non-Specific EOI command, it simply resets the 
highest priority ISR bit to indicate that the highest 
priority routine in service is finished. 

Special consideration should be taken when decid- 
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 
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used since the Fully Nested Mode structure will be 
destroyed: 

— Using the Set Priority command within an inter- 
rupt service routine. 

— . Using a Special Mask Mode. 

These conditions are covered in more detail in their 
own sections, but are listed here for reference. 

SPECIFIC EOI COMMAND 

Unlike a Non-Specific EOI command which automat- 
ically resets the highest priority ISR bit, a Specific 
EOI command specifies an exact ISR bit to be reset. 
Any one of the IRQ levels of an interrupt bank can 
be specified in the command. 

The Specific EOI command is needed to reset the 
ISR bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific EOI command usage mentioned 
above. 

AUTOMATIC EOI MODE 

When programmed in the Automatic EOI Mode, the 
80386 no longer needs to issue a command to notify 
the interrupt bank it has completed ah interrupt rou- 
tine. The interrupt bank accomplishes this by per- 
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 

Special consideration should be taken when decid- 
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure, In the Auto- 
matic EOI Mode, the ISR bit of a routine in service is 
reset right after it is acknowledged, thus leaving no 
designation in the ISR that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en- 
abled, it will get serviced regardless of its priority. 



Therefore, when using this mode, the 80386 should 
keep its interrupt request input disabled during exe- 
cution of a service routine. By doing this, higher pri- 
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re- 
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt- 
ed since the host's interrupt request input is dis- 
abled. 



4.4.2 INTERRUPT PRIORITIES 

The 82380 PIC provides various methods for arrang- 
ing the interrupt priorities of the interrupt request in- 
puts to suit different applications. The following sub- 
sections explain these methods in detail. 



4.4.2.1 Fully Nested Mode 

The Fully Nested Mode of operation is a general pur- 
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Re- 
quest (IRQ) inputs within one bank are arranged 
from highest to lowest. 

Unless otherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, IRQ0# is assigned the highest priority (priority 
= 0) and IRQ7# the lowest (priority = 7). This de- 
fault priority can be changed, as will be explained 
later in the Rotating Priority Mode. 

When an interrupt is acknowledged, the highest pri- 
ority request is determined from the Interrupt Re- 
quest Register (I RR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv- 
ice Register (ISR) is set to designate the routine in 
service. This ISR bit will remain set until the 80386 
issues an End Of Interrupt (EOI) command immedi- 
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second INTA cycle. 
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While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in- 
terrupts can still generate an interrupt, which will be 
acknowledged only if the 80386 internal interrupt en- 
able flip-flop has been re-enabled (through software 
inside the current service routine). 



4.4.2.2 Automatic Rotation— Equal Priority 
Devices 

Automatic rotation of priorities serves in applications 
where the interrupting devices are of equal priority 
within an interrupt bank. In this kind of environment, 
once a device is serviced, all other equal priority pe- 
ripherals should be given a chance to be serviced 
before the original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other peripherals connected to the same bank are 
serviced before it is serviced again. 

There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the Non- 
specific EOI command and the other is used with 



the Automatic EOI mode. These two methods are 
discussed below. 

ROTATE ON NON-SPECIFIC EOI COMMAND 

When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re- 
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to conform to the Fully Nested Mode based 
on the newly assigned low priority. 

Figure 4-4 shows how the Rotate On Non-Specific 
EOI command affects the interrupt priorities. As- 
sume the IRQ priorities were assigned with IRQO the 
highest and IRQ7 the lowest. IRQ6 and IRQ4 are 
already in service but neither is completed. Being 
the higher priority routine, IRQ4 is necessarily the 
routine being executed. During the IRQ4 routine, a 
rotate on Non-Specific EOI command is executed. 
When this happens, Bit 4 in the ISR is reset. IRQ4 
then becomes the lowest priority and IRQ5 becomes 
the highest. 





IS7 IS6 IS5 


IS4 IS3 IS2 IS1 ISO 




290128-52 
290128-53 


ISR STATUS 
PRIORITY 





1 





1 














(BEFORE 
COMMAND) 


7 


6 


5 


4 


3 


2 


1 





LOWE 


1 

ST PRIORITY 
IS7 IS6 IS5 


I 

HIGHEST PR 
IS4 IS3 IS2 IS1 ISO 


ORITY 


ISR STATUS 
PRIORITY 





1 




















(AFTER 
COMMAND) 


2 


1 





7 


6 


5 


4 


3 




HIGHEST PRIORITY 


LOWEST PRIORITY 





Figure 4-4. Rotate On Non-Specific EOI Command 
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ROTATE ON AUTOMATIC EOI MODE 

The Rotate On Automatic EOI Mode works much 
like the Rotate On Npn-Specific EOI Command. The 
main difference is that priority rotation is done auto- 
matically after the second I NTA cycle of an interrupt 
request. To enter or exit this mode, a Rotate-On-Au- 
tomatic-EOI Set Command and Rotate-On-Automat- 
ic-EOI Clear Command is provided. After this mode 
is entered, no other commands are needed as in the 
normal Automatic EOI Mode. However, it must be 
noted again that when using any form of the Auto- 
matic EOI Mode, special consideration should be 
taken. The guideline presented in the Automatic EOI 
Mode also applies here. 

4.4.2.3 Specific Rotation— Specific Priority 

Specific rotation gives the user versatile capabilities 
in interrupt controlled operations. It serves in those 
applications in which a specific device's interrupt pri- 
ority must be altered. As opposed to Automatic' Ro- 
tation which will automatically set priorities after 
each interrupt request is serviced, specific rotation is 
completely user controlled. That is, the user selects 
which interrupt level is to receive the lowest or the 
highest priority. This can be done during the main 



program or within interrupt routines. Two specific ro- 
tation commands are available to the user: Set Prior- 
ity Command and Rotate On Specific EOI Com- 
mand. 

SET PRIORITY COMMAND 

The $et Priority Command allows the programmer to 
assign an IRQ level the lowest priority. All other in- 
terrupt levels will conform to the Fully Nested Mode 
based on the newly assigned low priority. 

ROTATE ON SPECIFIC EOI COMMAND 

The Rotate On Specific EOI Command is literally a 
combination of the Set Priority Command and the 
Specific EOI Command. Like the Set Priority Com- 
mand, a specified IRQ level is assigned lowest priori- 
ty. Like the Specific EOI Command, a specified level 
will be reset in the ISR. Thus, this command accom- 
plishes both tasks in one single command. 



4.4.2.4 interrupt Priority Mode Summary 

In order to simplify understanding the many modes 
of interrupt priority, Table 4-2 is provided to bring out 
their summary of operations. 



Table 4-2. Interrupt Priority Mode Summary 



Interrupt 
Priority Mode 


Operation 
Summary 


Effect On Priority After EOI 


Non-Specific/ Automatic 


Specific 


Fully-Nested Mode 


IRQ0#-Highest Priority 
IRQ7# -Lowest Priority 


No change in priority. 
Highest ISR bit is reset. 


Not Applicable. 


Automatic Rotation 
(Equal Priority Devices) 


Interrupt level just serviced 
is the lowest priority. Other 
priorities rotate to conform 
to Fully-Nested Mode. 


Highest ISR bit is reset and the 
corresponding level becomes the 
lowest priority, 


Not Applicable. 


Specific Rotation 
(Specific Priority 
Devices) 


User specifies the lowest 
priority level. Other priorities 
rotate to conform to Fully- 
Nested Mode. 


Not Applicable. 


As described under 
'Operation Summary'. 
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4.4.3 INTERRUPT MASKING 

VIA INTERRUPT MASK REGISTER 

Each bank In the 82380 PIC has an Interrupt Mask 
Register (I MR) which enhances interrupt control ca- 
pabilities. This IMR allows individual IRQ masking. 
When an IRQ is masked, its interrupt request is dis- 
abled until it is unmasked. Each bit in the 8-bit IMR 
disables one interrupt channel if it is set (HIGH). Bit 
masks IRQO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel will only disable the corre- 
sponding channel and does not affect the others op- 
erations. 

The IMR acts only on the output of the IRR. That is, 
if an interrupt occurs while its IMR bit is set, this 
request is not 'forgotten'. Even with an IRQ input 
masked, it is still possible to set the IRR. Therefore, 
when the IMR bit is reset, an interrupt request to the 
80386 will then be generated, providing that the IRQ 
request remains active. If the IRQ request is re- 
moved before the IMR is reset, the Default Interrupt 
Vector (Bank A, level 7) will be generated during the 
interrupt acknowledge cycle. 

SPECIAL MASK MODE 

In the Fully Nested Mode, all IRQ levels of lower 
priority than the routine in service are inhibited. How- 
ever, in some applications, it may be desirable to let 
a lower priority interrupt request to interrupt the rou- 
tine in service. One method to achieve this is by 
using the Special Mask Mode. Working in conjunc- 
tion with the IMR, the Special Mask Mode enables 
interrupts from all levels except the level in service. 
This is usually done inside an interrupt service rou- 
tine by masking the level that is in service and then 
issuing the Special Mask Mode Command. Once the 
Special Mask Mode is enabled, it remains in effect 
until it is disabled. 



4.4.4 EDGE OR LEVEL INTERRUPT 
TRIGGERING 

Each bank in the 82380 PIC can be programmed 
independently for either edge or level sensing for the 
interrupt request signals. Recall that all IRQ inputs 
are active LOW. Therefore, in the edge triggered 
mode, an active edge is defined as an input tran- 
sition from an inactive (HIGH) to active (LOW) state. 
The interrupt input may remain active without gener- 
ating another interrupt. During level triggered mode, 
an interrupt request will be recognized, by an active 
(LOW) input, and there is no need for edge detec- 
tion. However, the interrupt request must be re- 
moved before the EOI Command is issued, or the 
80386 must be disabled to prevent a second false 
interrupt from occurring. 

In either modes, the interrupt request input must be 
active (LOW) during the first INTA cycle in order to 
be recognized. Otherwise, the Default Interrupt Vec- 
tor will be generated at level 7 of Bank A. 

4.4.5 INTERRUPT CASCADING 

As mentioned previously, the 823§0 allows for exter- 
nal Slave interrupt controllers to be cascaded to any 
of its external interrupt request pins. The 82380 PIC 
indicates that a external Slave Controller is to be 
serviced by putting the contents of the Vector Regis- 
ter associated with the particular request on the 
80386 Data Bus during the first INTA cycle (instead 
of 00H during a non-slave service). The external log- 
ic should latch the vector on the Data Bus using the 
INTA status signals and use it to select the external 
Slave Controller to be serviced (see Figure 4-5). The 
selected Slave will then respond to the second INTA 
cycle and place its vector on the Data Bus. This 
method requires that if external Slave Controllers 















290128-54 




82380 


D(0 


" ?) > 


POSITIVE 

EDGE 

MASTER/SLAVE 

FLIP-FLOP 
IN OUT 

CLK 


CAS(0-7) 

► TO SLAVE 

8259's 








I 












DATA BUS 


INTA# 
TOLLER) 


"~\ /"" 




(FROM BU! 


5 CONTf 






1 
LATCH HERE 



Figure 4-5. Slave Cascade Address Capturing 



4-227 



inter 



82380 



MMMim MPmMfiflWQW 



are used in the system, no vector should be pro- 
grammed to 00H. 

Since the external Slave Cascade Address is provid- 
ed on the Data Bus during INTA cycle 1, an external 
latch is required to capture this address for the Slave 
Controller. A simple scheme is depicted in Figure 
4-5. . 



4.4.5.1 Special Fully Nested Mode 

This mode will be used where cascading is em- 
ployed and the priority is to be conserved within 
each Slave Controller. The Special Fully Nested 
Mode is similar to the 'regular' Fully Nested Mode 
with the following exceptions: 

— When an interrupt request from a Slave Control- 
ler is in service, this Slave Controller is not 
locked out from the Master's priority logic. Fur- 
ther interrupt requests from the higher priority 
logic within the Slave Controller will be recog- 
nized by the 82380 PIC and will initiate interrupts 
to the 80386. In comparing to the 'regular' Fully 
Nested Mode, the Slave Controller is masked out 
when its request is in service and no higher re- 
quests from the same Slave Controller can be 
serviced. 

— . Before exiting the interrupt service routine, the 
software has to check whether the interrupt serv- 
iced was the only request from the Slave Con- 
troller. This is done by sending a Non-Specific 
EOI Command to the Slave Controller and then 
reading its In Service Register. If there are no 
requests in the Slave Controller, a Non-Specific 
EOI can be sent to the corresponding 82380 PIC 
bank also. Otherwise, no EOI should be sent. 



4.4.6 READING INTERRUPT STATUS 

The 82380 PIC provides several ways to read differ- 
ent status of each interrupt bank for more flexible 
interrupt control operations. These include polling 
the highest priority pending interrupt request and 
reading the contents of different interrupt status reg- 
isters. 



4.4.6.1 Poll Command 

The 82380 PIC supports status polling operations 
with the Poll Command. In a Poll Command, the 



pending interrupt request with the highest priority 
can be determined. To use this command, the INT 
output is not used, or the 80386 interrupt is disabled. 
Service to devices is achieved by software using the 
Poll Command. 

This models useful if there is a routine command 
common to several levels so that the INTA se- 
quencers not needed. Another application is to use 
the Poll Command to expand the number of priority 
levels. 

Notice that the ICW2 mechanism is not supported 
for the Poll Command. However, if the Poll Com- 
mand is used, the programmable Vector Registers 
are of no concern since no INTA cycle will be gener- 
ated. 



4.4.6.2 Reading Interrupt Registers 

The contents of each interrupt register (I RR, ISR, 
and IMR) can be read to update the user's program 
on the present status of the 82380 PIC. This can be 
a versatile tool in the decision making process of a 
service routine, giving the user more control over 
interrupt operations. 

The reading of the IRR and ISR contents can be 
performed via the Operation Control Word 3 by us- 
ing a Read Status Register Command and the con- 
tent of IMR can be read via a simple read operation 
of the register itself. 



4.5 Register Set Overview 

Each bank of the 82380 PIC consists of a set of 8-bit 
registers to control its operations. The address map 
of all the registers is shown in Table 4-3. Since all 
three register sets are identical in functions, only 
one set will be described. 

Functionally, each register set can be divided into 
five groups. They are: the four Initialization Com- 
mand Words (ICW's), the three Operation Control 
Words (OCW's), the Poll/Interrupt Request/ In-Serv- 
ice Register, the Interrupt Mask Register, and the 
Vector Registers. A description of each group fol- 
lows. 
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Table 4-3. Interrupt Controller Register Address Map 


Port 
Address 


Access 


Register Description 


20H 


Write 


Bank B ICW1 , OCW2, or OCW3 




Read 


Bank B Poll, Request or In-Service 
Status Register 


21 H 


Write 


Bank B ICW2, ICW3, ICW4, OCW1 




Read 


Bank B Mask Register 


22H 


Read 


Bank B ICW2 


28H 


Read/Write 


IRQ8 Vector Register 


29H 


Read/Write 


IRQ9 Vector Register 


2AH 


Read/Write 


Reserved 


2BH 


Read/Write 


IRQ1 1 Vector Register 


2CH 


Read/Write 


IRQ1 2 Vector Register 


2DH 


Read/Write 


IRQ1 3 Vector Register 


2EH 


Read/Write 


IRQ1 4 Vector Register 


2FH 


Read/Write 


1RQ1 5 Vector Register 


AOH 


Write 


Bank C ICW1, OCW2, or OCW3 




Read 


Bank C Poll, Request or In-Service 
Status Register 


A1H 


Write . 


Bank C ICW2, ICW3, ICW4, OCW1 




Read 


Bank C Mask Register 


A2H 


Read 


Bank C ICW2 


A8H 


Read/Write 


IRQ1 6 Vector Register 


A9H 


Read/Write 


IRQ1 7 Vector Register 


AAH 


Read/Write 


IRQ1 8 Vector Register 


ABH 


Read/Write 


IRQ1 9 Vector Register 


ACH 


Read/Write 


IRQ20 Vector Register 


ADH 


Read/Write 


IRQ21 Vector Register 


AEH 


Read/Write 


IRQ22 Vector Register 


AFH 


Read/Write 


IRQ23 Vector Register 


30H 


Write 


Bank A ICW1 , OCW2, or OCW3 




Read 


Bank A Poll, Request or In-Service 
Status Register 


31H 


Write 


Bank A ICW2, ICW3, ICW4, OCW1 




Read 


Bank A Mask Register 


32H 


Read 


BanklCW2 


38H 


Read/Write 


IRQO Vector Register 


39H 


Read/Write 


IRQ1 Vector Register 


3AH 


Read/Write 


IRQ1 .5 Vector Register 


3BH 


Read/Write 


IRQ3 Vector Register 


3CH 


Read/Write 


IRQ4 Vector Register 


3DH 


Read/Write 


Reserved 


3EH 


Read/Write 


Reserved 


3FH 


Read/Write 


IRQ7 Vector Register 
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4.5.1 INITIALIZATION COMMAND WORDS (ICW) 

Before normal operation can begin, the 82380 PIC 
must be brought to a known state. There are four 
8-bit Initialization Command Words in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second common 
word (ICW2) which is a read/write register, the other 
three are write-only registers. Without going into de- 
tail of the bit definitions of the command words, the 
following subsections give a brief description of what 
functions each command word controls. 

ICW1 

The ICW1 has three major functions. They are: 

— To select between the two IRQ input triggering 
modes (edge-or level-triggered); 

— To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program- 
ming. Otherwise, no ICW3 will be accepted; 

— To determine whether or not ICW4 will be issued; 
that is, if any of the ICW4 operations are to be 
used. 

ICW2 

ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from Bank A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80386. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif- 
ferent addresses for read and write operations. 

I(SW3 

The interrupt bank will only accept an ICW3 If pro- 
grammed in the external cascade mode (as indicat- 
ed in ICW1 ). ICW3 is used for specific programming 
within the cascade mode. The bits in ICW3 indicate 
which interrupt request inputs have a Slave cascad- 
ed to them. This will subsequently affect the inter- 
rupt vector generation during the interrupt acknowl- 
edge cycles as described previously. 

ICW4 

The ICW4 is accepted only if it was selected in 
ICW1 . This command word register serves two func- 
tions: 



— To select either the Automatic EOI mode or soft- 
ware EOI mode; 

— To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 

4.5.2 OPERATION CONTROL WORDS (OCW) 

Once initialized by the ICW's, the interrupt banks will 
be operating in the Fully Nested Mode by default 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's. Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8-bit write-only registers. 

The modes and operations controlled by the OCW's 
are: 

— Fully Nested Mode; 
— . Rotating Priority Mode; 

— Special Mask Mode; 

— Poll Mode; 

— EOI Commands; 

— ' Read Status Commands. 

OCW1 

OCW1 is used solely for masking operations. It pro- 
vides a direct link to the Interrupt Mask Register 
(IMR). The 80386 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
pre-programmed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 

OCW2 

OCW2 is used to select End-OMnterrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper- 
ations. Associated commands and modes of these 
operations are selected using the different combina- 
tions of bits in OCW2. 

Specifically, the OCW2 is used to: 

— Designate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific priori- 
ty. This function can be enabled or disabled; 

— Select which software EOI command (if any) is to 
be executed (i.e., Non-Specific or Specific EOI); 

— Enable one of the priority rotation operations 
(i.e., Rotate On Non-Specific EOI, Rotate On Au- 
tomatic EOI, or Rotate on Specific EOI). 

OCW3 

There are three main categories of operation that 
OCW3 controls. That are summarized as follows: 
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— To select and execute the Read Status Register 
Commands, either reading the Interrupt Request 
Register (IRR) or the In-Service Register (ISR); 

— To issue the Poll Command. The Poll Command 
will override a Read Register Command if both 
functions are enabled simultaneously; 

— To set or reset the Special Mask Mode. 

4.5.3 POLL/INTERRUPT REQUEST/IN-SERVICE 
STATUS REGISTER 

As the name implies, this 8-bit read-only register has 
multiple functions. Depending on the command is- 
sued in the OCW3, the content of this register re- 
flects the result of the command executed. For a 
Poll Command, the register read contains the binary 
code of the highest priority level requesting service 
(if any). For a Read IRR Command, the register con- 
tent will show the current pending interrupt re- 
quests). Finally, for a Read ISR Command, this reg- 
ister will specify all interrupt levels which are being 
serviced. 



4.5.4 INTERRUPT MASK REGISTER (IMR) 

This is a read-only 8-bit register which, when read, 
will specify all interrupt levels within the same bank 
that are masked. 



4.5.5 VECTOR REGISTER (VR) 

Each interrupt request input has an 8-bit read/write 
programmable vector register associated with it. The 
registers should be programmed to contain the inter- 
rupt vector for the corresponding request. The con- 
tents of the Vector Register will be placed on the 
Data Bus during the INTA cycles as described previ- 
ously. 



4.6 Programming 

Programming the 82380 PIC is accomplished by us- 
ing two types of command words: ICW's and 
OCW's. All modes and commands explained in the 
previous sections are programmable using the 
ICW's and OCW's. The ICW's are issued from the 
80386 in a sequential format and are used to setup 
the banks in the 82380 PIC in an initial state of oper- 
ation The OCW's are issued as needed to vary and 
control the 82380 PIC's operations. 

Both ICW's and OCW's are sent by the 80386 to the 
interrupt banks via the Data Bus. Each bank distin- 
guishes between the different ICW's and OCW's by 
the I/O address map, the sequence they are issued 
(ICW's only), and by some dedicated bits among the 
ICW's and OCW's. 



All three interrupt banks are programmed in a similar 
way. Therefore, only a single bank will be described. 

4.6.1 INITIALIZATION (ICW) 

Before normal operation can begin, each bank must 
be initialized by programming a sequence of two to 
four bytes written into the ICW's. 

Figure 4-6 shows the initialization flow for an inter- 
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. However, ICW3 and ICW4 are 
used only if designated in ICW1. Once initialized, if 
any programming changes within the ICW's are to 
be made, the entire ICW sequence must be repro- 
grammed, not just an individual ICW. 

Note that although the ICW2's in the 82380 PIC do 
not affect the Bank's operation, they still must be 
programmed in order to preserve the compatibility 
with the 82C59A. The contents programmed are not 
relevant to the overall operations of the interrupt 
banks. Also, whenever one of the three ICW2's is 
programmed, an interrupt level 1.5 in Bank A will be 
generated. This interrupt request will be cleared 
upon reading of the ICW2 registers. Since the three 
ICW2's share the same interrupt level and the sys- 
tem may not know the origin of the interrupt, all three 
ICW2's must be read. 

However, it is not necessary to provide an interrupt 
service routine for the ICW2 interrupt. One way to 
avoid this is as follows. At the beginning of the initial- 
ization of the interrupt banks, the 80386 interrupt 
should be disabled. After each ICW2 register write 
operation is performed during the initialization, the 
corresponding ICW2 register is read. This read oper- 
ation will clear the interrupt request of the 82380. At 
the end of the initialization, the 80386 interrupt is re- 
enabled. With this method, the 80386 will not detect 
the ICW2 interrupt request, thus eliminating the need 
of an interrupt service routine. 

Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issued. They are: 

— The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 

— The Interrupt Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 

— I RQ7 input of each bank is assigned priority 7 
(lowest); 

— Special Mask Mode is cleared and Status Read 
is set to IRR; 

— If no ICVV4 is needed, then no Automatic-EOI is 
selected. 
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Figure 4-6. Initialization Sequence 



4.6.2 VECTOR REGISTERS (VR) 



Each interrupt request Input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop- 
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev- 
er an ICW2 is written during the initialization se- 
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter- 
rupt service routine of this vector is set up before the 
ICW's are written. 



4.6.3 OPERATION CONTROL WORDS (OCW) 

After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the OCW's as explained before. There is 
no special programming sequence required for the 
OCW's. Any OCW may be written at any time in or- 
der to change the mode of or to perform certain op- 
erations on the interrupt banks. 



4.6.3.1 Read Status and Poll Commands (OCW3) 

Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the 
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same read-only Status Register, a special Read 
Status/ Poll Command must be issued before the 
Poll/Interrupt Request/ln-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear- 
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the Poll 
Command will override the Status Read. That is, af- 
ter the command execution, the Status Register will 
contain the result of the Poll Command. 

Note that for reading IRR and ISR, there is no need 
to issue a Read Status Command to the OCW3 ev- 
ery time the IRR or ISR is to be read. Once a Read 



4.7 Register Bit Definition 

INITIALIZATION COMMAND WORD 1 (ICW1) 



Status Command is received by the interrupt bank, it 
'remembers' which register is selected. However, 
this is not true when the Poll Command is used. 

In the Poll Command, after the OCW3 is written, the 
82380 PIC treats the next read to the Status Regis- 
ter as an interrupt acknowledge. This will set the ap- 
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 

In addition to the above read commands, the Inter- 
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre- 
programmed OCW1 which contains information on 
which interrupt request(s) is(are) currently disabled. 



D7 



D6 



D5 



D4 



D3 



D2 



| X | X [ X | 1 | LTIM | X J 



D1 
SNGL 



DO 



0- EDGE TRIGGERED 

1- LEVEL TRIGGERED 



HH 



0- NO ICW4 NEEDED 

1- ICW4 NEEDED 



0- EXTERNAL CASCADE 

(ICW3 NEEDED) 
1 - NO EXTERNAL CASCADE 

(ICW3 NOT NEEDED) 



INITIALIZATION COMMAND WORD 2 (ICW2) 












290128-57 


| D7 | D6 | D5 


D4 


D3 | D2 


D1 | DO | 


i i 


l 

CONTENT IS NOT RELEVANT TO THE ACTUAL 
OPERATION OF THE BANK BUT CAN BE READ 
BY THE INTERRUPT SERVICE ROUTINE TO 
DETERMINE WHERE THE INTERRUPT VECTORS 
OF EACH BANK START. 
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INITIALIZATION COMMAND WORD 3 (ICW3) 

ICW3forBankA: 



07 


06 


D5 


D4 


03 D2 D1 DO 


290128-B4 


tz 


o 


• 


° 


S3 | | | | 










• ► 0- NO SLAVE CASCADED TO BANK A 

1 -THERE IS A SLAVE CASCADED TO 
T0UT2#/IRQ3# PIN 



ICW3 for Bank B: 



D7 


06 


05 


D4 


03 


D2 


01 


DO 


I s : 5 


«4 


.„ 


S12 


s„| 


X 


S9 


°l 





■ 0-NO CASCADED REQUEST TO IRQn 
1 - THERE IS A CASCADED REQUEST 
CONNECTED TO IRQn (I.e. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 



290128-B5 



ICW3 for Bank C: 



D7 


DS 


DS 


D4 D3 D2 D1 DO 


290128-B6 


[s* 


*fi 


S2, 


S20J S19 J S18| S17| S16 | 


H_ 


| 


I 


1 1 1 I I 








« ► 0- NO CASCADED REQUEST TO IRQn 

1 - THERE IS A CASCADED REQUEST 
CONNECTED TO IRQn 



INITIALIZATION COMMAND WORD 4 (1CW4) 
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w = NORMAL EOI 




^ 1 = AUTOMATIC EOI 
^ = NOT SPECIAL FULLY NESTED MODE 




•. " 1= SPECIAL FULLY NESTED MODE ^ 

290128-58 



OPERATION CONTROL WORD 1 (OCW1) 
















D7 D6 D5 D4 D3 D2 01 DO 


290128-59 
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M4 | M3 
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fr M 


1 = 1 MASK S 


ET (INTERRUPT DISABLE) 
ESET (INTERRUPT ENABLE) 
















* M 


1 = U 


ASK R 
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OPERATION CONTROL WORD 2 (OCW2) 



D7 



D6 



n 



D5 



D4 



D3 



D2 



D1 



DO 



I R I SL I E01 1 ° I ° 1 L2 I L1 I L ° 1 



T 



NON-SPECIFIC EOI COMMAND 
SPECIFIC EOI COMMAND (L2-L0 USED) 
ROTATE ON NON-SPECIFIC EOI 
ROTATE ON AUTO-EOI MODE (SET) 
ROTATE ON AUTO-EOI MODE (CLEAR) 
ROTATE ON SPECIFIC EOI (L2-L0 USED) 
SET, PRIORITY (L2-L0 USED) 
NO OPERATION 



INTERRUPT LEVEL 
' TO BE ACTED UPON 
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OPERATION CONTROL WORD 3 (OCW3) 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



| | ESMM | SMM | | 1 | P | RR | RIS | 



ESMM SMM 


1 

1 
1 1 



NO ACTION 

NO ACTION 

RESET SPECIAL MASK 

SET SPECIAL MASK 



V 



1 - POLL COMMAND 
0- NO POLL COMMAND 



RR RIS 



1 

1 
1 1 



NO ACTION 
NO ACTION 
READ IR REG. 
READ IS REG. 
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ESMM— -Enable Special Mask Mode. When this bit is set to 1, it enables the SMM bit to set or reset the Special Mask 
Mode. When this bit is set to 0, SMM bit becomes don't care. 

SMM— Special Mask Mode. If ESMM = 1 and SMM = 1, the interrupt controller bank will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0, the bank will revert to normal mask mode. When ESMM = 0, SMM has no effect. 



Poll/Interrupt Request/ln-Service Status Register 

POLL COMMAND STATUS 



D7 D6 D5 D4 D3 D2 D1 DO 



rn 



W2 



W1 WO 



•0-NO PENDING INTERRUPT 
1 - PENDING INTERRUPT 



t; 



BINARY CODE OF 
THE HIGHEST PRIORITY 
LEVEL REQUESTING 
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INTERRUPT REQUEST STATUS 



07 D6 


D5 D4 


D3 D2 


D1 


DO 


| IRQ7| IRQ6 


IRQ5 | IRQ4 


IRQ3 1 IRQ2 


IRQ1 


IRQ0| 



If IRQ BIT IS: - NO REQUEST 

1 - REQUEST PENDING 
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NOTE: 

Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pins so that when 
there is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request 
Status register. 



IN-SERVICE STATUS 



D7 


06 D5 D4 D3 D2 D1 DO 


El 


IS6 J IS5 


IS4 | IS3 | IS2 | IS1 | ISO | 


IF IS n BIT IS: - NOT IN-SERVICE 

1 - REQUEST IS IN-SERVICE 
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VECTOR REGISTER (VR) 






J D7 J D6 I D5 


04 | 03 | D2 | 


01 | DO | 


i i 


i 

8-BIT VECTOR NUMBER 


290128-65 



4.8 Register Operational Summary 

For ease of reference, Table 4-4 gives a summary of the different operating modes and commands with their 
corresponding registers. 

Table 4-4 Register Operational Summary 



Operational 


Command 


Bits 


Description 


Words 


Fully Nested Mode 


OCW-Default 


— 


Non-specific EOl Command 


OCW2 


EOl 


Specific EOl Command 


OCW2 


SL, EOl, 
LO-L2 


Automatic EOl Mode 


ICW1.ICW4 


IC4, AEOI 


Rotate On Non-Specific 


OCW2 


EOl 


EOl Command 






Rotate On Automatic 


OCW2 


R, SL, EOl 


EOl Mode 






Set Priority Command 


OCW2 


L0-L2 


Rotate On Specific 


OCW2 


R, SL, EOl 


EOl Command 






Interrupt Mask Register 


OCW1 


M0-M7 


Special Mask Mode 


OCW3 


ESMM, SMM 


Level Triggered Mode 


ICW1 


LTIM 


Edge Triggered Mode 


ICW1 


LTIM 


Read Register Command, IRR 


OCW3 


RR, RIS 


Read Register Command, ISR 


OCW3 


RR, RIS 


Red IMR 


IMR 


M0-M7 


Poll Command 


OCW3 


P 


Special Fully Nested Mode 


ICW2.ICW4 


IC4, SFNM 
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5.0 PROGRAMMABLE INTERVAL 
TIMER 

5.1 Functional Description 

The 82380 contains four independently Programma- 
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) have specific functions. 
The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. 

Table 5-1. Programmable 
Interval Timer Functions 



Timer 


Output 


Function 





IRQ8 


Event Based 
IRQ8 Generator 


i 


TOUT1/REF# 


Gen. Purpose/DRAM 
Refresh Req. 


2 


TOUT2#/IRQ3# 


Gen. Purpose/Speaker 
Out/IRQ3# 


3 


TOUT3# 


Gen. Purpose/IRQO 
Generator 



TIMER 0— Event Based IRQ8 Generator 

Timer is intended to be used as an Event Counter. 
The output of this timer will generate an Interrupt 
Request 8 (IRQ8) upon a rising edge of the timer 
output (TOUT0). Typically, this timer is used to im- 
plement a time-of-day clock or system tick. The Tim- 
er output is not available as an external signal. 

TIMER 1— General Purpose/DRAM Refresh 
Request 

The output of Timer 1, TOUT1, can be used as a 
general purpose timer or as a DRAM Refresh Re- 
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82380 DRAM Refresh 
Controller. Upon reset, the Refresh Request func- 
tion is disabled, and the output pin is the Timer 1 
output. 

TIMER 2— General Purpose/Speaker Out/IRQ3# 

The Timer 2 output, TOUT2#, could be used to sup- 
port tone generation to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter- 
rupt Register 3 (IRQ3#) (see Programmable Inter- 
rupt Controller). 
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Figure 5-1. Block Diagram of Programmable Interval Timer 
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TIMER 3— General Purpose/ Interrupt Request 
Generator 

The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request (IRQO) in the 
82380. The inverted output of this timer (TOUT3#) 
is also available as an external signal for general 
purpose use. 



5.1.1 INTERNAL ARCHITECTURE 

The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1 . Follow- 
ing is a description of each block. 

DATA BUFFER & READ/WRITE LOGIC 

This part of the Programmable Interval Timer is used 
to interface the four timers to the 82380 internal bus. 
The Data Buffer is for transferring commands and 
data between the 8-bit internal bus and the timers. 



The Read/Write Logic accepts inputs from the inter- 
nal bus and generates signals to control other func- 
tional blocks within the timer section. 

CONTROL WORD REGISTERS I & II 

The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register II controls Timer 
3. Detailed description of the Control Word Regis- 
ters will be included in the Register Set Overview 
section. 

COUNTER 0, COUNTER 1, 
COUNTER 2, COUNTER 3 

Counters 0, 1 , 2, and 3 are the major parts of Timers 
0, 1,2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia- 
gram of one counter is shown in Figure 5-2. 
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Figure 5-2. Internal Block Diagram of A Counter 
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The four counters share a common clock input 
(CLKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
Mode. 

Although the Control Word Register is shown in the 
Figure 5-2, it is not part of the counter itself. Its pro- 
grammed contents are used to control the opera- 
tions of the counters. 

The Status Register, when latched, contains the cur- 
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 

The Counting Element (GE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 

The Output Latches (OL) contain two 8-bit latches 
(OLM and OLL). Normally, these latches 'follow' the 
content of the CE. OLM contains the most signifi- 
cant byte of the counter and OLL contains the least 
significant byte. If the Counter Latch Command is 
sent to the counter, OL will latch the present count 
until read by the 80386 and then return to follow the 
CE. One latch at a time is enabled by the timer's 
Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in- 
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the OL's that is being 
read. 

When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CE. The transferring of the contents 
from CR's to CE is defined as 'loading' of the coun- 
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRL (which contains the least significant byte). Simi- 
lar to the OL's, the Control Logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the least significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written. 

As shown in the diagram, the Control Logic consists 
of three signals: CLKIN, GATE, and OUT. CLKIN 
and GATE will be discussed in detail in the section 
that follows. OUT is the internal output of the coun- 
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode 
of operation of the timer. 



5.2 Interface Signals 

5.2.1 CLKIN 

CLKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde- 
pendent of the 82380 system clock, CLK2. In the 
following discussion, each 'CLK Pulse' is defined as 
the time period between a rising edge and a falling 
edge, in that order, of CLKIN. 

During the rising edge of CLKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of CLKIN. 



5.2.2 TOUT1, TOUT2#, TOUT3# 

TOUT1, TOUT2# and TOUT3# are the external 
output signals of Timer 1 , Timer 2 and Timer 3, re- 
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer 0. 

If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 

The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2#/iRQ3#), which 
is a bidirectional open-collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In- 
terrupt Controller), a LOW on this input will generate 
an Interrupt Request 3 # to the 82380 Programma- 
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IRQ3# function, Timer 2 
should be programmed so that OUT2 is LOW. Addi- 
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 
(IRQ0) to the 82380 after the rising edge of OUT3 
(see Figure 5-1). 

5.2.3 GATE 

GATE is not an externally controllable signal. Rath- 
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of CLKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 

For Timer and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit and 
6, respectively, of an Internal Control Port (at ad- 
dress 61 H) of the 82380. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (LOW). 
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5.3 Modes of Operation 

Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the con- 
trol Word Register followed by an Initial Count (see 
Programming). 

The following are defined for use in describing the 
different modes of operation. 

CLK Pulse— A rising edge, then a falling edge, in 
that order of CLKIN. 

Trigger— A rising edge of a timer's GATE input. 
Timer/Counter Loading— The transfer of a count 
from Count Register (CR) to Count Element (CE). 

5.3.1 MODE 0— INTERRUPT ON TERMINAL 
COUNT 

Mode is typically used for event counting. After the 
Control Word is written, OUT is initially LOW, and will 
remain LOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode Control Word is written into 
the counter. 

In this mode, GATE = HIGH enables counting; 
GATE = LOW disables counting. However, GATE 
has no effect on OUT. 

After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
HIGH until N + 1 CLK pulses after the initial count is 
written. 

If a new count is written to the timer, it will be loaded 
on the next CLK pulse arid counting will continue 



from the new count If a two-byte count is written, 
the following happens: 

1. Writing the first byte disables counting, OUT is set 
LOW immediately (i.e., no CLK pulse required). 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

This allows the counting sequence to be synchroniz- 
ed by software. Again, OUT does not go HIGH until 
N -f- 1 CLK pulses after the new count of N is writ- 
ten. 

If an initial count is written while GATE is LOW, the 
counter will be loaded on the next CLK pulse. When 
GATE goes HIGH, OUT will go HIGH N CLK pulses 
later; no CLK pulse is needed to load the counter as 
this has already been done. 

5.3.2 MODE 1— GATE RETRIGGERABLE 
ONE-SHOT 

In this mode, OUT wiH be initially HIGH. OUT will go 
LOW on the CLK pulse following a trigger to start the 
one-shot operation. The OUT signal will then remain 
LOW until the timer reaches zero. At this point, OUT 
will stay HIGH until the next trigger comes in. Since 
the state of GATE signals of Timer and 1 are inter- 
nally set to HIGH. 

After writing the Control Word and initial count, the 
timer is considered 'armed'. A trigger results in load- 
ing the timer and setting OUT LOW on the next CLK 
pulse. Therefore, an initial count of N will result in a 
one-shot pulse width of N CLK cycles. Note that this 
one-shot operation is retriggerable; i.e., OUT will re- 
main LOW for N CLK pulses after eVery trigger. The 
one-shot operation can be repeated without rewrit- 
ing the same count into the timer. 

If a new count is written to the timer during a one- 
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered. This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 
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NOTES: 

The following conventions apply to all mode timing diagrams. 

1. Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only. 

2. The counter is always selected (CS always low). 

3. CW stands for "Control Word"; CW = 10 means a control word of 10, Hex is written to the counter. 

4. LSB stands for "least significant byte" of count. 

5. Numbers below diagrams are count values. 
The lower number is the least significant byte. 

The upper number is the most significant byte. Since the counter is programmed to read/write LSB only, the 

most significant byte cannot be read. 

N stands for an undefined count. 

Vertical lines show transitions between count values. 



Figure 5-3. Mode 
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Figure 5-4. Mode 1 



5.3.3 MODE 2— RATE GENERATOR 



This mode is a divide-by-N counter, it is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec- 
remented to 1, OUT goes LOW for one CLK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se- 
quence is repeated itself indefinitely. For an initial 



count of N, the sequence repeats every N CLK cy- 
cles. 

Similar to Mode 0, GATE = HIGH enables counting, 
where GATE = LOW disables counting. If GATE 
goes LbW during an output pulse (LOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
CLK pulse. Then, OUT will go LOW (for one CLK 
pulse) N CLK pulses after the new trigger. Thus, 
GATE can be used to synchronize the timer. 
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NOTE: 

A GATE transition should not occur one clock prior to terminal count. 



Figure 5-5. Mode 2 



After writing a Control Word and initial count, the 
timer will be loaded on the next CLK pulse. OUT 
goes LOW (for the CLK pulse) N CLK pulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence because the new 
count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 
new count but before the end of the current period, 



the timer will be loaded with the new count on the 
next CLK pulse after the trigger, and counting will 
continue with the new count. 



5.3.4 MODE 3— SQUARE WAVE GENERATOR 

Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
for the duty cycle of OUT. in this mode, OUT will be 
initially HIGH. When half of the initial count has ex- 
pired, OUT goes low for the remainder of the count. 
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The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N CLK 



The GATE input can be used to synchronize the tim- 
er. GATE = HIGH enables counting; GATE = LOW 
disables counting. If GATE goes LOW while OUT is 
LOW, OUT is set HIGH immediately (i.e., no CLK 
pulse is required). A trigger reloads the timer with the 
initial count on the next CLK pulse. 

After writing a Control Word and initial count, the 
timer will be loaded on the next CLK pulse. This al- 
lows the timer to be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim- 
er will be loaded with the new count on the next CLK 



pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 

There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 

EVEN COUNTS: 

OUT is initially HIGH. The initial count is loaded on 
one CLK pulse and is decremented by two on suc- 
ceeding CLK pulses. When the count expires (decre- 
mented to 2), OUT changes to LOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 

ODD COUNTS: 

OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one CLK 
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NOTE: 

A-GATE transition should not occur one clock prior to terminal count. 





Figure 5-6. Mode 3 
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pulse and is decremented by two on succeeding 
CLK pulses. One CLK pulse after the count expires 
(decremented to 2), OUT goes LOW and the timer is 
loaded with the initial count minus one again. Suc- 
ceeding CLK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi- 
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi- 
nitely. So for ODD counts, OUT will be HIGH for (N 
+ 1)/2 counts and LOW for (N - 1)/2 counts. 

5.3.5 MODE 4— INITIAL COUNT TRIGGERED 
STROBE 

This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 



be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
LOW for one CLK pulse and then go HIGH again. 

Again, GATE = HIGH enables counting while GATE 
= LOW disables counting. GATE has no effect on 
OUT. 

After writing the Control Word and initial count, the 
timer will be loaded on the next CLK pulse. This CLK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe LOW until N + 1 
CLK pulses after initial count is written. 

If a new count is written during counting, it will be 
loaded in the next CLK pulse and counting will con- 
tinue from the new count. 
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Figure 5-7. Mode 4 
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If a two-byte count is written, the following will occur: 

1". Writing the first byte has no effect on counting. 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

OUT will strobe LOW N + 1 CLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 

5.3.6 MODE 5— GATE RETRIGGERABLE 
STROBE 

Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the GATE signal instead of 



by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 

After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 CLK pulses after a 
trigger. 
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Figure 5-8. Mode 5 
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SUMMARY OF GATE OPERATIONS 



Mode 


GATE LOW or 
Going LOW 


GATE Rising 


GATE 
HIGH 





Disable Count 


No Effect 


Enable Count 


1 


No Effect 


1 . Initiate Count 

2. Reset Output 
After Next Clock 


No Effect 


2 


1 . Disable Count 

2. Sets Output HIGH 
Immediately 


Initiate Count 


Enable Count 


3 


1 . Disable Count 

2. Sets Output HIGH 
Immediately 


Initiate Count 


Enable Count 


4 


Disable Count 


No Effect 


Enable Count 


5 


No Effect 


Initiate Count 


No Effect 



The counting sequence is retriggerable. Every trig- 
ger will result in the timer being loaded with the initial 
count on the next CLK pulse. 

If the new count is written during counting, the cur- 
rent counting sequence will not be affected. If a trig- 
ger occurs after the new count is written but before 
the current count expires, the timer will be loaded 
with the new count on the next CLK pulse and a new 
count sequence will start from there. 

5.3.7 OPERATION COMMON TO ALL MODES 

5.3.7.1 GATE 

The GATE input is always sampled on the rising 
edge of CLKIN. In Modes 0, 2, 3 and 4, the GATE 
input is level sensitive. The logic level is sampled on 
the rising edge of CLKIN. In Modes 1, 2, 3 and 5, the 
GATE input is rising edge sensitive. In these modes, 
a rising edge of GATE (trigger) sets an edge sensi- 
tive flip-flop in the timer. The flip-flop is reset imme- 
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; i.e., a HIGH logic 
level does not have to be maintained until the next 
rising edge of CLKIN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 

5.3.7.2 Counter 

New counts are loaded and counters are decre- 
mented on the falling edge of CLKIN. The largest 
possible initial count is 0. This is equivalent to 2**16 
for binary counting and 10**4 for BCD counting. 

Note that the counter does not stop when it reaches 
zero. In Modes 0, 1,4, and 5, the counter 'wraps 



around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and con- 
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con- 
tinues counting from there. 

The minimum and maximum initial count in each 
counter depends on the mode of operation. They 
are summarized below. 



Mode 


Min 


Max 





1 





1 


1 





2 


2 





3 


2 





4 


1 





5 


1 






5.4 Register Set Overview 

The Programmable Interval Timer module of the 
82380 contains a set of six registers. The port ad- 
dress map of these registers is shown in Table 5-2. 

Table 5-2. Timer Register Port Address Map 



Port Address 


Description 


40H 
41 H 
42H 
43H 


Counter Register (read/Write) 
Counter 1 Register (read/write) 
Counter 2 Register (read/write) 
Control Word Register I 
(Counter 0, 1 & 2) (write-only) 


44H 
45H 
46H 
47H 


Counter 3 Register (read/write) 

Reserved 

Reserved 

Control Word Register II 

(Counter 3) (write-only) 
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5.4.1 COUNTER 0, 1, 2, 3 REGISTERS 

These four 8-bit registers are functionally identical. 
They are used to write the initial count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since they are 8-bit 
registers, reading and writing of the 16-bit initial 
count must follow the count format specified in the 
Control Word Registers; i.e., least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 

5.4.2 CONTROL WORD REGISTER I & II 

There are two Control Word Registers associated 
with the Timer section. One of the two registers 
(Control Word Register I) is used to control the oper- 
ations of Counters 0, 1, and 2 and the other (Control 
Word Register II) is for Counter 3. The major func- 
tions of both Control Word Registers are listed be- 
low: 

— Select the timer to be programmed. 

— Define which mode the selected timer is to oper- 
ate in. 

— Define the count sequence; i.e., if the selected 
timer is to count as a Binary Counter or a Binary 
Coded Decimal (BCD) Counter. 

— Select the byte access sequence during timer 
read/write operations; i.e., least significant byte 
only, most significant byte only, or least signifi- 
cant byte first, then most significant byte. 

Also, the Control Word Registers can be pro- 
grammed to perform a Counter Latch Command or a 
Read Back Command which will be described later. 



ing Count Register. In general, the programming pro- 
cedure is very flexible. Only two conventions need to 
be remembered: 

1. For each timer, the Control Word must be written 
before the initial count is written. 

2. The 16-bit initial count must follow the count for- 
mat specified in the Control Word (least signifi- 
cant byte only, most significant byte only, or least 
significant byte first, followed by most significant 
byte). 

Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro- 
priate Control Word Register, no special instruction 
sequence is required. Any programming sequence 
that follows the conventions above is acceptable. 

A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
in any way. Count sequence will be affected as de- 
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 

If a timer is previously programmed to read/write 
two-byte counts, the following precaution applies. A 
program must not transfer control between writing 
the first and second byte to another routine which 
also writes into the same timer. Otherwise, the 
read/write will result in incorrect count. 

Whenever a Control Word is written to a timer, all 
control logic for that timer(s) is immediately reset 
(i.e., no CLK pulse is required). Also, the corre- 
sponding output pin, TOUT(#), goes to a known ini- 
tial state. 



5.5 Programming 

5.5.1 INITIALIZATION 

Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers are random. From this point on, how each 
timer operates is determined solely by how it is pro- 
grammed. Each timer must be programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82380, all timers 
should be initialized to a known state. 

Timers are programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond- 



5.5.2 READ OPERATION 

Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter Latch Command 
and Read Back Command. Following is a descrip- 
tion of these methods. 

READ COUNTER REGISTERS 

The current count of a timer can be read by perform- 
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the CLKIN of the timers must be inhibited by 
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using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same CLKIN signal, inhibiting CLKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter Latch Com- 
mand or the Read Back Command be used to read 
the current count of a timer. 

Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE = LOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 

COUNTER LATCH COMMAND 

A Counter Latch Command will be executed when- 
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg- 
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 

Upon execution of this command, the selected 
counter's Output Latch (OL) latches the count at the 
time the Counter Latch Command is received. This 
count is held in the latch until it js read by the 80386, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to 'fol- 
lowing' the Counting Element (CE). This allows read- 
ing the contents of the counters 'on the fly' without 
affecting counting in progress. Multiple Counter 
Latch Commands may be used to latch more than 
one counter. Each latched count is held until it is 
read. Counter Latch Commands do not affect the 
programmed mode of the timer in any way. 

If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter Latch Command is ignored. The 
count read will then be the count at the time the first 
command was issued. 

In any event, the latched count must be read ac- 
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per- 
formed between them. 



Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro- 
grammed for two-byte counts, the following se- 
quence is valid. 

1 . Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 

If a timer is programmed to read/write two-byte 
counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 

READ BACK COMMAND 

The Read Back Command is another special Com- 
mand Word operation which allows the user to read 
the current count value and/or the status of the se- 
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 

The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Commands, one for each counter to 
be latched. Each counter's latched count will be 
held until it is read by the 80386 or until the timer is 
reprogrammed. The counter is automatically un- 
latched when read, but other counters remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; i.e., 
the count read will correspond to the very first Read 
Back Command issued. 

As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg- 
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 

1 . Mode of timer: 

This allows the user to check the mode of opera- 
tion of the timer last programmed. 

2. State of TOUT pin of the timer: 

This allows the user to monitor the counter's out- 
put pin via software, possibly eliminating some 
hardware from a system. 
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3. Null Count/Count available: 

The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro- 
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 

If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e., the status read in will 
correspond to the first Read Back Command issued. 

Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi- 
ple, read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 



If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 



5.6 Register Bit Definitions 

COUNTER 0, 1, 2, 3 REGISTER (READ/WRITE) 



Port Address 


Description 


40H 


Counter Register (read/write) 


41H 


Counter 1 Register (read/write) 


42H 


Counter 2 Register (read/write) 


44H 


Counter 3 Register (read/write) 


45H 


Reserved 


46H 


Reserved 



















290128-74 


nr 


D6 


D5 


D4 


D3 


D2 


D, 


^] 


















t— LSB OF COUNT BYTE 
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Note that these 8-bit registers are for writing and 
reading of one byte of the 16-bit count value, either 
the most significant or the least significant byte. 

CONTROL WORD REGISTER I & II (WRITE-ONLY) 



Port Address 


Description 


43H 
47H 


Control Word Register I 
(Counter 0, 1 , 2) (write-only) 
Control Word Register II 
(Counter 3) (write-only) 



CONTROL WORD REGISTER I 



D7 D6 D5 D4 D3 D2 D1 DO 
| SC1 | SCO | RW1 | RWO | M2 | M1 | MO | BCD | 



V 



SELECT COUNTER: 

00 SELECT COUNTER 

01 SELECT COUNTER 1 

10 SELECT COUNTER 2 

1 1 READ BACK COMMAND 
FOR COUNTER 0-2 



0-16-BIT BINARY 

COUNTER 

1 - BCD COUNTER 

(4 DECADES) 



READ/WRITE: 

00 COUNTER LATCH COMMAND 

01 READ/WRITE LSB BYTE ONLY 

10 READ/WRITE MSB BYTE ONLY 

1 1 READ/WRITE LSB, THEN MSB BYTE 



MODE: 

000 MODE 

001 MODE 1 
X10M0DE2 
X11 MODE 3 

100 MODE 4 

101 MODE 5 
290128-75 



CONTROL WORD REGISTER II 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Isc, 


SCO 


RW1 


RWO I 


M2 


"' 


MO 


BCD | 



V 



SELECT COUNTER: 

00 SELECT COUNTER 3 

01 RESERVED 

10 RESERVED 

1 1 READ BACK COMMAND 
FOR COUNTER 3 



0-1 6- BIT BINARY 

COUNTER 

1 - BCD COUNTER 

(4 DECADES) 



READ/WRITE: 

00 COUNTER LATCH COMMAND 

01 READ/WRITE LSB BYTE ONLY 

10 READ/WRITE MSB BYTE ONLY 

1 1 READ/WRITE LSB, THEN MSB 



BYTE 



MODE: 

000 MODE 

001 MODE 1 
X10 MODE 2 
X1 1 MODE 3 

100 MODE 4 

101 MODES 
290128-76 



COUNTER LATCH COMMAND FORMAT 
(Write to Control Word Register) 



D7 D6 D5 D4 D3 D2 D1 



DO 



SC1 SCO 



V 



00 COUNTER (OR 3) 

01 COUNTER 1 

10 COUNTER 2 

1 1 READ BACK COMMAND 



290128-77 



Mode 


Timer 


Gate 
Trigger 





1 


2 


3 


Edge 


Level 



1 
2 
3 
4 
5 


NA 
NA 


NA 
NA 



© 




X 
X 
X 

X 


X 

X 
X 
X 



Interrupt on Terminal Count 
Gate Retriggerable One Shot 
Rate Generator 
Square Wave Generator 
Initial Count Triggered Strobe 
Gate Retriggerable Strobe 



O = Must use Port 61 to generate . 
NA = Not Applicable 



* edge. 
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READ BACK COMMAND FORMAT 
(Write to Control Word Register) 



07 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



| 1 | 1 |C0UNT#| STATUS CNT2 CNTt |CNT0/3| | 



0- LATCH COUNT 
1 - DO NOT LATCH 
COUNT 



I 



0- LATCH STATUS 
1 - DO NOT LATCH 
STATUS 



► 0- COUNTER NOT 

SELECTED 

1 - COUNTER IS 

SELECTED 
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STATUS FORMAT 

(Returned from Read Back Command) 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



G3 



NULL COUNT RW1 



0- OUTPUT 
PIN = 

1 - OUTPUT 
PIN = 1 



RWO 



M2 



M1 



n 



T^T 



BCD 



► 0- COUNT AVAILABLE 
FOR READING 
1- NULL COUNT 



COUNTER 
MODE 
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6.0 WAIT STATE GENERATOR 



6.1 Functional Description 

The 82380 contains a programmable Wait State 
Generator which can generate a pre-programmed 
number of wait states during both CPU and DMA 
initiated bus cycles. This Wait State Generator is ca- 
pable of generating 1 to 16 wait states in non-pipe- 



lined mode, and to 15 wait states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro- 
grammed number of wait states in the selected Wait 
State Register will be generated. 

The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY # signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 
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6.2 Interface Signals 

The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY #, WSCO and WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 



6.2.1 READY# 

READY # is an active LOW input signal which indi- 
cates to the 82380 the completion of a bus cycle. In 
the Master mode (e.g., 82380 initiated DMA trans- 
fer), this signal is monitored to determine whether a 
peripheral or memory needs wait states inserted in 
the current bus cycle. In the Slave mode, it is used 
(together with the ADS# signal) to trace CPU bus 
cycles to determine if the current cycle is pipelined. 



6.2.2 READYO# 

READYO# (Ready Out#) is an active LOW output 
signal and is the output of the Wait State Generator. 
The number of wait states generated depends on 
the WSC(0-1) inputs. Note that special cases are 



handled for access to the 82380 internal registers 
and for the Refresh cycles. For 82380 internal regis- 
ter access, READYO# will be delayed to take into 
account the command recovery time of the register. 
One or more wait states will be generated in a pipe- 
lined cycle. During refresh, the number of wait states 
will be determined by the preprogrammed value in 
the Refresh Wait State Register. 

In the simplest configuration, READYO# can be 
connected to the READY# input of the 82380 and 
the 80386 CPU. This is, however, not always the 
case. If external circuitry is to control the READY # 
inputs as well, additional logic will be required (see 
Application Issues). 



6.2.3 WSC(0-1) 

These two Wait State Control inputs select one of 
the three pre-programmed 8-bit Wait State Registers 
which determines the number of wait states to be 
generated. The most significant half of the three 
Wait State Registers corresponds to memory ac- 
cesses, the least significant half to I/O accesses. 
The combination WSC(0-^1) = 11 disables the Wait 
State Generator. 



wsco- 

WSC1- 

m/io#- 



REGISTER 
SELECT 
LOGIC 



INTERNAL WAIT STATE REA DY0# t 
REQUIREMENT "" , 



D7 



D4 D3 



DO 



MEMORY 



MEMORY 1 



MEMORY 2 



(RESERVED) 



1/0 



1/0 1 



I/O 2 



REFRESH 



PROGRAMMABLE WAIT STATE 
REGISTERS 



JT 



WAIT STATE 
COUNTER 



290128-80 



Figure 6-1. Wait State Generator Block Diagram 
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Figure 6-2. Wait States in Non-Pipelined Cycles 



6.3 Bus Function 



6.3.1 WAIT STATES IN NON-PIPELINED CYCLE 

The timing diagram of two typical non-pipelined cy- 
cles with 82380 generated wait states is shown in 
Figure 6-2. In this diagram, it is assumed that the 
internal registers of the 82380 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# inputs are sampled to 
determine which Wait State Register (if any) is se- 
lected. If the WSC inputs are active (i.e., not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 

The WSC(O-I) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 



rising edge of the next clock (82384 CLK) after the 
last state when ADS# (Address Status) is asserted. 

The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 

1 . Access the 82380 internal registers: 2 to 5 wait 
states, depending upon the specific register ad- 
dressed. Some back-to-back sequences to the In- 
terrupt Controller will require 7 wait states. 

2. Interrupt Acknowledge to the 82380: 5 wait 
states. 

3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). Note 
that if WSC(0-1) = 11, READYO# will stay inac- 
tive. 

4. Other bus cycles: Depending on WSC(0-1) and 
M/IO# inputs, these inputs select a Wait State 
Register in which the number of wait states will be 
equal to the pre-programmed wait state count in 
the register plus 1 . The Wait State Register selec- 
tion is defined as follows (Table 6-1). 
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Table 6-1. Wait State Register Selection 



M/K># 


WSC(1-0) 


Register Selected 





00 


WAIT REG (I/O half) 





01 


WAIT REG 1 (I/O half) 





10 


WAIT REG 2 (I/O half) 


1 


00 


WAIT REG (MEM half) 


1 


01 


WAIT PEG 1 (MEM half) 


1 


10 


WAIT REG 2 (MEM half) 


X 


11 


Wait State Gen. Disabled 



The Wait State Control signals, WSC(0-1), can be 
generated with the address decode and the Read/ 
Write control signals as shown in Figure 6-3. 



ADDRESS DECODE ► 

W/R# ► 




— ►wsc(o-i) 

290128-82 


LOGIC 





Note that during HALT and SHUTDOWN, the num- 
ber of wait states will depend on the WSC(0-1) in- 
puts, which will select the memory half of one of the 
Wait State Registers (see CPU Reset and Shutdown 
Detect). 

6.3.2 WAIT STATES IN PIPELINED CYCLE 

The timing diagram of two typical pipelined cycles 
with 82380 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82380 internal registers are not addressed. As de- 
fined in the timing of the 80386 processor, the Ad- 
dress (A 2-31), Byte Enable (BE 0-3), and other 
control signals (M/IO#, ADS#) are asserted one 
T state earlier than in a non-pipelined cycle; i.e., they 
are asserted at T2P. Similar to the non-pipelined 
case, the Wait State Control (WSC) inputs are sam- 
pled in the middle of the state after the last state 
when the ADS# signal is asserted. Therefore, the 
WSC inputs should be asserted during the T1 P state 
of each pipelined cycle (which is one T state earlier 
than in the non-pipelined cycle). 



Figure 6-3. WSC(0-1) Generation 
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Figure 6-4. Wait State in Pipelined Cycles 



4-255 



irrteT 



82380 



ABWAKKSB 0MF@IJ3(M$ifl]@>i 



The number of wait states generated in a pipelined 
cycle is selected in a similar manner as in the non- 
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipelined cycle. This is done automatically 
by the Wait State Generator. 

6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 

The 82380 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY # input to the 82380 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 

The EXT. RDY# (External Ready) signal of Figure 
6-5 allows external devices to cause early termina- 
tion of a bus cycle. When this signal is asserted 
LOW, the output of the circuit will also go LOW 
(even though the READYO# of the 82380 may still 



be HIGH). This output is fed to the READY # input of 
the 80386 and the 82380 to indicate the completion 
of the current bus cycle. 

Similarly, the EXT, NOT READY (External Not 
Ready) signal is used to delay the READY # input of 
the processor and the 82380. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY # input HIGH. This will effectively extend the 
duration of a bus cycle. However, it is important to 
note that if the two-level logic is not fast enough to 
satisfy the READY# setup time, the OR gate should 
be eliminated. Instead, the 82380 Wait State Gener- 
ator can be disabled by driving both WSQ(0-1) 
HIGH. In this case, the addressed memory or I/O 
device should activate the external READY # input 
whenever it is ready to terminate the current bus 
cycle. 

Figure 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten- 
sion of the bus cycles. Section 6.7, Application Is- 
sues, contains a detailed timing analysis of the ex- 
ternal circuit. 
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Figure 6-5. External 'READY' Control Logic 
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Figure 6-6. Early Termination of Bus Cycle By 'READY #' 
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Figure 6-7. Extending Bus Cycle by 'READY#' 



Due to the following implications, it should be noted 
that early termination of bus cycles in which 82380 
internal registers are accessed is not recommended. 

1 . Erroneous data may be read from or written into 
the addressed register. 

2. The 82380 must be allowed to recover either be- 
fore HLDA (Hold Acknowledge) is asserted or be- 
fore another bus cycle into an 82380 internal reg- 
ister is initiated. 

The recovery time, in bus periods, equals the re- 
maining wait states that were avoided plus 4. 



6.4 Register Set Overview 

Altogether, there are four 8-bit internal registers as- 
sociated with the Wait State Generator. The port ad- 
dress map of these registers is shown below in Ta- 
ble 6-2. A detailed description of each follows. 

Table 6-2. Register Address Map 



Port Address 


Description 


72H 
73H 
74H 
75H 


Wait State Reg (read/write) 
Wait State Reg 1 (read/write) 
Wait State Reg 2 (read/write) 
Ref. Wait State Reg (read/write) 



WAIT STATE REGISTER 0, 1 , 2 

These three 8-bit read/write registers are functional- 
ly identical. They are used to store the pre-pro- 
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac- 
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe- 
lined cycle, the actual number of wait states request- 
ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and to 1 5 wait states in pipelined mode. 

Note that the minimum wait state count in each reg- 
ister is 0. This is equivalent to wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 

REFRESH WAIT STATE REGISTER 

Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during the DRAM refresh cy- 
cle. Note that the Refresh Wait State Register is not 
selected by the WSC inputs. It will automatically be 
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chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re- 
fresh cycle (WSC(0-1) = 11), READYQ# will stay 
inactive and the Refresh Wait State Register is ig- 
nored. 



6.5 Programming 

Using the Wait State Generator is relatively straight- 
forward. No special programming sequence is re- 
quired. In order to ensure the expected number of 
wait states will be generated when a register is se- 
lected, the registers to be used must be pro- 
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset, all Wait State Registers are initial- 
ized with the value FFH, giving the maximum num- 
ber of wait states possible. Also, each register can 
be read to check the wait state count previously 
stored in the register. 



j D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 



' •-— ► I/O WAIT 

STATE COUNT 

-► MEMORY WAIT STATE COUNT 
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REFRESH WAIT STATE REGISTER 
Port Address: 75H (Read/Write) 
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6.6 Register Bit Definition 

WAIT STATE REGISTER 0, 1,2 



Port Address 


Description 


72H 
73H 
74H 


Wait State Register (read/write) 
Wait State Register 1 (read/write) 
Wait State Register 2 (read/write) 



6.7 Application Issues 

6.7.1 EXTERNAL 'READY' CONTROL LOGIC 

As mentioned in section 6.3.3, wait state cycles gen- 
erated by the 82380 can be terminated early or ex- 
tended longer by means of additional external logic 
(see Figure 6-5). In order to ensure that the 
READY # input timing requirement of the 80386 and 
the 82380 is satisfied, special care must be taken 
when designing this external control logic. This sec- 
tion addresses the design requirements. 
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A simplified block diagram of the external logic along 
with the READY # tiiming diagram is shown in Figure 
6-8. The purpose is to determine the maximum delay 
time allowed in the external control logic in order to 
satisfy the READY # setup time. 

First, it will be assumed that the 80386 is running at 
16 MHz (i.e., CLK2 and 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 62.5 
nsec. According to the AC specifications of the 



82380, the maximum delay time for valid READYO# 
signal is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY # setup 
time of the 80386 and the 82380 should be 20 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY# control logic to be 11 ns 
(62.5-31-21) in order to meet the READY# setup 
timing requirement. 
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A = PHI1 + PHI2 = 62.5 ns 

B = Maximum READYO# Valid Delay = 31 ns 

C = READY # Set-up Time = 21 ns 

D = Maximum Ready Control Logic Delay = A-B-C = 11ns 



Figure 6-8. 'READY' Timing Consideration 
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7.0 DRAM REFRESH CONTROLLER 



7.2 Interface Signals 



7.1 Functional Description 

The 82380 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re- 
quest logic for DRAM refresh operations (see Figure 
7-1 •).. TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8-, 16-, or 32-bit wide. 
Depending on the Refresh Bus Size, the Refresh 
Address Counter will be incremented with the appro- 
priate value after every refresh cycle. The internal 
logic of the 82380 will give the Refresh operation the 
highest priority in the bus control arbitration process. 
Bus control is not released and re-requested if the 
82380 is already a bus master. 



7.2.1 TOUT1/REF# 

The dual function output pin of TIMER 1 (TOUT1/ 
REF#) can be programmed to generate DRAM Re- 
fresh signal, If this feature is enabled, the rising edge 
of TIMER 1 output (TOUT1) will trigger the DRAM 
Refresh Request logic. After some delay for gaining 
access of the bus, the 82380 DRAM Controller will 
generate a DRAM Refresh signal by driving REF# 
output LOW. This signal is cleared after the refresh 
cycle has taken place, or by a hardware reset. 

If the DRAM Refresh feature is disabled, the 
TOUT1/REF# output pin is simply the TIMER 1 out- 
put. Detailed information of how TIMER 1 operates 
is discussed in section 6— -Programmable Interval 
Timer, and will not be repeated here. 
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Figure 7-1. DRAM Refresh Controller 
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7.3 Bus Function 



7.3.1 ARBITRATION 

In order to ensure data integrity of the DRAMs, the 
82380 gives the PRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re- 
fresh to interrupt a DMA in progress in order to per- 
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 

In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by deasserting the EDACK signal. 
Once DREQn goes inactive, the 82380 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur- 
ing refresh. The Refresh Generator simply 'steals' a 
bus cycle between DMA accesses. 

Figure 7-2 shows the timing diagram of a Refresh 
Cycle. Upon expiration of TIMER 1 , the 82380 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82380 see HLDA go active, 
the DRAM Refresh Cycle will be carried out by acti- 
vating the REF# signal as well as the refresh ad- 
dress and control signals on the system bus (Note 



that REF# will not be active until two CLK periods 
after HLDA is asserted). The address bus will con- 
tain the 24-bit address currently in the Refresh Ad- 
dress Counter. The control signals are driven the 
same way as in a Memory Read cycle. This 'read' 
operation is complete when the READY # signal is 
driven LOW. Then, the 82380 will relinquish the bus 
by de-asserting HOLD. Typically, a Refresh Cycle 
without wait states will take five bus states to exe- 
cute. If 'n' wait states are added, the Refresh Cycle 
will last for five plus 'n' bus states. 

How often the Refresh Generation will initiate a re- 
fresh cycle depends on the frequency of CLKIN as 
well as TIMERI's programmed mode of operation. 
For this specific application, TIMER1 should be pro- 
grammed to operate in Mode 2 or 3 to generate a 
constant clock rate. See section 6 — Programmable 
Interval Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat- 
ed each time TIMER 1 expires (when TOUT1 chang- 
es to LOW to HIGH). 

The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82380 will auto- 
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 
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Figure 7-2. 82380 Refresh Cycle 
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7.4 Modes of Operation 

7.4.1 WORD SIZE AND REFRESH ADDRESS 
COUNTER 

The 82380 supports 8-, 16- and 32-bit refresh cycle. 
The bus width during a refresh cycle is programma- 
ble (see Programming). The bus size can be pro- 
grammed via the Refresh Control Register (see Reg- 
ister Overview). If the DRAM bus size is 8-, 16-, or 
32-bits, the Refresh Address Counter will be incre- 
mented by 1 , 2, or 4, respectively. 

The Refresh Address Counter is cleared by a hard- 
ware reset. 



7.5 Register Set Overview 

The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 



Port Address 


Description 


1CH 
75H 


Refresh Control Reg. (read/write) 
Ref. Wait State Reg. (read/write) 



Table 7- 1 . Register Address Map 

The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detail in section 7 
(Wait State Generator) and will not be repeated 
here. 

REFRESH CONTROL REGISTER 

This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func- 
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 



7.6 Programming 

Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro- 
grammed, this timer must be initialized with the de- 
sired mode of operation as well as the correct re- 
fresh interval (see Programming Interval Timer). 



Whether or not wait states are to be generated dur- 
ing a refresh cycle, the Refresh Wait State Register 
must also be programmed with the appropriate val- 
ue. Then, the DRAM Refresh feature must be en- 
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro- 
priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done, the refresh operation will automatically be in- 
voked by the Refresh Generator upon expiration of 
Timer 1 . 

In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1/REF# becomes the Timer 1 output, the 
state of this pin is undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 



7.7 Register Bit Definition 

REFRESH CONTROL REGISTER 
Port Address: 1CH (Read/Write) 



| D7 | D6 J 



| D2 | D1 | DO | 



TZ 



^ 



MUST BE ZERO 



00 REF. DISABLE 

01 BUS SIZE = 32 

10 BUS SIZE = 1 6 

11 BUS SIZE = 8 
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8.0 RELOCATION REGISTER AND 
ADDRESS DECODE 



8.1 Relocation Register 

All the integrated peripheral devices in the 82380 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82380 provides a Relocation Register 
which allows the user to map this set of internal reg- 
isters into either the memory or I/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82380 as well as if the registers are to be memory- 
or l/O-mapped. The format of the Relocation Regis- 
ter is depicted in Figure 8-1 . 
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' — I — ■ I 

FOR I/O MAPPED: A1 5-A9 - I/O MAPPED 
FOR MEMORY MAPPED: A31 -A25 1 - MEMORY 

MAPPED 


290128-B2 



Figure 8-1 .Relocation Register 

Note that the Relocation Register is part of the inter- 
nal register set of the 82380. It has a port address of 
7FH. Therefore, any time the content of the Reloca- 
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82380, 
the content of the Relocation Register will be 
cleared. This implies that the 82380 will respond to 
its I/O addresses in the range of 0000H to OOFFH. 

8.1.1 l/O-MAPPED 82380 

As shown in the figure, Bit of the Relocation Regis- 
ter determines whether the 82380 registers are to be 
memory-mapped or l/O-mapped. When Bit is set 
to '0', the 82380 will respond to I/O Addresses. Ad- 
dress signals BE0#-BE3#, A2-A7 will be used to 
select one of the internal registers to be accessed. 
Bit 1 to Bit 7 of the Relocation Register will corre- 
spond to A9 to A1 5 of the Address bus, respectively. 
Together with A8 implied to be '0', A1 5 to A8 will be 
fully decoded by the 82380. The following shows 
how the 82380 is mapped into the I/O address 
space. 

Example 

Relocation Register = 1 1 001 1 1 (OCEH) 

82380 will respond to I/O address range from 
0CE00H to OCEFFH. 

Therefore, this I/O mapping mechanism allows the 
82380 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system I/O 
space. 

Port Address: 7FH (Read/Write) 

8.1.2 MEMORY-MAPPED 82380 

When Bit of the Relocation Register is set to T, 
the 82380 will respond to memory addresses. Again, 
Address signals BE0#-BE3#, A2-A7 will be used 
to select one of the internal registers to be ac- 
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A25-A31, respectively. A24 is as- 
sumed to be '0', and A8-A23 are ignored. Consider 
the following example. 



Example 

Relocation Register = 10100111 (0A7H) 

The 82380 will respond to memory addresses in 
the range of 0A6XXXX00H to 0A6XXXXFFH 
(where 'X' is don't care). 

This scheme implies that the internal register can be 
located in any even, contiguous, 2**24 byte page of 
the memory space. 

8.2 Address Decoding 

As mentioned previously, the 82380 internal regis- 
ters do not occupy the entire contiguous 256 ad- 
dress locations. Some of the locations are 'unoccu- 
pied'. The 82380 always decodes the lower 8 ad- 
dress bits (A0-A7) to determine if any one of its 
registers is being accessed. If the address does not 
correspond to any of its registers, the 82380 will not 
respond. This allows external devices to be located 
within the 'holes' in the 82380 address space. Note 
that there are several unused addresses reserved 
for future Intel peripheral devices. 

9.0 CPU RESET AND SHUTDOWN 
DETECT 

The 82380 will activate the CPURST signal to reset 
the host processor when one of the following condi- 
tions occurs: 

— 82380 RESET is active; 

— 82380 detects a 80386 Shutdown cycle (this fea- 
ture can be disabled); 

— CPURST software command is issued to 80386. 

Whenever the CPURST signal is activated, the 
82380 will reset its own internal Slave-Bus state ma- 
chine. 

9.1 Hardware Reset 

Following a hardware reset, the 82380 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active. During a hardware reset, the 82380 internal 
registers will be initialized as defined in the corre- 
sponding functional descriptions. 

9.2 Software Reset 

CPURST can be generated by writing the following 
bit pattern into 82380 register location 64H. 



D7 














DO 


1 


1 


1 


1 


X 


X 


X 






Don't Care 
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The Write operation into this port is considered as 
an 82380 access and the internal Wait State Gener- 
ator will automatically determine the required num- 
ber of wait states. The CPURST will be active follow- 
ing the completion of the Write cycle to this port. 
This signal will last for 62 CLK2 periods. The 82380 
should not be accessed until the CPURST is deacti- 
vated. 

This internal port is Write-Only and the 82380 will 
not respond to a Read operation to this location. 
Also, during a CPU software reset command, the 
82380 will reset its Slave-Bus state machine. How- 
ever, its internal registers remain unchanged. This 
allows the operating system to distinguish a 'warm' 
reset by reading any 82380 internal register previ- 
ously programmed for an non-default value. The Di- 
agnostic registers can be used or this purpose (see 
Internal Control and Diagnostic Ports). 



9.3 Shutdown Detect 

The 82380 is constantly monitoring the Bus Cycle 
Definition signals (M/ 10 #, D/C#, R/W#) and is 
able to detect when the 80386 executes a Shutdown 
bus cycle. Upon detection of a processor shutdown, 
the 82380 will activate the CPURST output for 62 
CLK2 periods to reset the host processor. This sig- 
nal is generated after the Shutdown cycle is termi- 
nated by the READY # signal. 

Although the 82380 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSC0, WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82380 bus cycle. 

This Shutdown Detect feature can be enabled or dis- 
abled by writing a control bit in the Internal Control 
Port at address 61 H (see Internal Control and Diag- 



Port Address: 61 H (Write Only) 



nostic Ports). This feature is disabled upon a hard- 
ware reset of the 82380. As in the case of Software 
Reset, the 82380 will reset its Slave^Bus state ma- 
chine but will not change any of its internal register 
contents. 



10.0 INTERNAL CONTROL AND 
DIAGNOSTIC PORTS 



10.1 Internal Control Port 

The format of the Internal Control Port of the 82380 
is shown in Figure 10.1. This Control Port is used to 
enable/disable the Processor Shutdown Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82380 will not respond to a read op- 
eration to this port. Upon hardware reset, this port 
will be cleared; i.e., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 



10.2 Diagnostic Ports 

Two 8-bit read/write Diagnostic Ports are provided 
in the 82380. These are two storage registers and 
have no effect on the operation of the 82380. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in CPU RESET AND 
SHUTDOWN DETECT section, these Diagnostic 
Ports can be used to distinguish between 'cold' and 
'warm' reset. Upon hardware reset, both Diagnostic 
Ports are cleared. The address map of these Diag- 
nostic Ports is shown in Figure 10-2. 



Port 


Address 


Diagnostic Port 1 (Read/Write) 
Diagnostic Port 2 (Read/Write) 


80H 
88H 



Figure 10-2. Address Map of Diagnostic Ports 
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Figure 10-1. Internal Control Port 
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11.0 INTEL RESERVED I/O PORTS 



tion may occur if any peripheral is assigned to the 
same address location. 



There are eleven I/O ports in the 82380 address 

space which are reserved for Intel future peripheral -- ft MFfNJAMlPAl nATA 

device use only. Their address locations are: 2AH, 1Z "° MtunANIuAL UAI A 

3DH, 3EH, 45H, 46H, 76H, 77H, 7DH, 7EH, CCH 
and CDH. These addresses should not be used in 
the system since the 82380 may respond to read/ 
write operations to these locations and bus conten- In this section, the physical package and its connec- 



12.1 Introduction 



tions are described in detail. 
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Figure 12.1. 82380 PGA Plnout— View from TOP side 
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12.2 Pin Assignment 

The 82380 pinout as viewed from the top side of the 
component is shown in Figure 12.1. Its pinout as 
viewed from the pin side of the component is shown 
in Figure 12.2. 



Vcc and GND connections must be made to multi- 
ple Vcc and v ss (GND) pins. Each Vcc and Vss 
MUST be connected to the appropriate voltage lev- 
el. The circuit board should include Vcc and GND 
planes for power distribution and all Vcc P'ns must 
be connected to the appropriate plane. 
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Figure 1 2.2. 82380 PGA Pinout— View from PIN side 
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Table 12-1. 82380 PGA Pinout— Functional Grouping 



Pin/Signal 


Pin/Signal 


Pin/Signal 


Pin/Signal 


A7 


A31 


A8 


D31 


P12 


v C c 


L14 


Vss 


C7 


A30 


B9 


D30 


M14 


v C c 


A1 


Vss 


B7 


A29 


A11 


D29 


P1 


v C c 


P13 


Vss 


A6 


A28 


C11 


D28 


P2 


v C c 


N1 


Vss 


B6 


A27 


D12 


D27 


P14 


v C c 


N2 


Vss 


C6 


A26 


E13 


D26 


D1 


Vcc 


C1 


Vss 


A5 


A25 


F14 


D25 


C14 


v C c 


A3 


Vss 


B5 


A24 


J13 


D24 


B1 


Vcc 


B14 


Vss 


C5 


A23 


B8 


D23 


A2 


Vcc 


A13 


Vss 


B4 


A22 


C9 


D22 


A4 


Vcc 


N14 


v S s 


B3 


A21 


B11 


D21 


A12 


Vcc 






C4 


A20 


B13 


D20 


A14 


Vcc 


P6 


IRQ23# 


B2 


A19 


D13 


D19 






N6 


IRQ22# 


C3 


A18 


E14 


D18 


G14 


CLK2 


M7 


IRQ21 # 


C2 


A17 


G12 


D17 


L12 


D/C# 


N7 


IRQ20# 


D3 


A16 


H13 


D16 


K12 


W/R# 


P7 


IRQ19# 


D2 
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C8 


D15 


L13 
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P8 
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E3 
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D14 


K2 
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M8 
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A13 
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N8 


IRQ16# 


E1 
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P9 
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F3 
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M3 


HLDA 


N9 
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F2 
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D10 


M6 


DREQO 


M9 
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F1 


A9 
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D9 


P5 


DREQ1 


N10 
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G1 


A8 
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D8 


N5 


DREQ2 
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G2 


A7 
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DREQ3 


M2 
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G3 
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H1 


A5 
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D5 
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N11 
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H2 


A4 
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D4 


M4 


DREQ6 


K13 
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J1 


A3 
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D3 


N3 


DREQ7 


N13 
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H3 


A2 


F13 


D2 
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D1 


K3 
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J3 
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J14 
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L3 
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K1 
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M1 
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L1 
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RESET 
CPURST 


L2 
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WSC1 
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12.3 Package Dimensions and 
Mounting 

The 82380 package is a 132-pin ceramic Pin Grid 
Array (PGA). The ..pins are arranged 0.100 inch (2.54 
mm) center-to-center, in a 14 x 14 matrix, three rows 
around. 



A wide variety of available sockets allow low inser- 
tion force or zero insertion force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Figure 12-4. 
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£P 



C D E F 
♦.020(0.508) 

MIN TYP 

.070(1.777) DIA 

TYP BRAZE PAD 

1.450(36.802)- 



K L M N Pi 
.020 -—I 
(0.508) 



.725(18.401) 

• .650(16.497) 

• .550(13.959) 
-.450(11.421) 

• .350 (8.883) 
■ .250 (6.345) 

.150(3.807) 

.050(1.269) 




SWEDGE PIN 
STANDOFF 
(4) PLACES 




.001 (0.025) R 
MIN TYP 



.018(0.47) -i 
DIA TYP ±_ 



.165(4.189) 



.110(2.792) 
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Figure 12.3. 132-Pin Ceramic PGA Package Dimensions 
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• Low insertion force (LIF) soldertail 
55274-1 

• Amp tests indicate 50% reduction in insertion 
force compared to machined sockets 

Other socket options 

• Zero insertion force (ZIF) soldertail 
55583-1 

• Zero insertion force (ZIF) Burn-in version 
55573-2 

Amp Incorporated 
(Harrisburg, PA 17105 U.S.A. 
Phone 717-564-0100) 




290128-97 

Cam handle locks in low profile position when substrate is installed 
(handle UP for open and DOWN for closed positions) 

courtesy Amp Incorporated 



Peel-A-WayTM Mylar and Kapton 
Socket Terminal Carriers 

• Low insertion force surface mount 
CS132-37TG 

• Low insertion force soldertail 
CS1 32-01 TG 

• Low insertion force wire-wrap 
CS132-02TG (two level) 
CS132-03TG (three-level) 

• Low insertion force press-fit 
CS132-05TG 

Advanced Interconnections 

(5 Division Street 
Warwick, Rl 02818 U.S.A. 
Phone 401-885-0485) 



Peel-A-Way Carrier No. 1 32; 
Kapton Carrier is KS132 
Mylar Carrier is MS1 32 

Molded Plastic Body KS132 

is shown below: 



FOOT PRINT NO. 132 


^_ 1.400 6Q .J 






HKlOOTVP 
14 > 14 K 3 ROWS 



SOLDER TAIL -01 




WIRE WRAP -02/-03 



LOW PROFILE -04 




SOLDER TAIL -33 




SURFACE MOUNTING -37 




290128-98 



290128-99 
courtesy Advanced Interconnections 
(Peel-A-Way Terminal Carriers 
U.S. Patent No. 4442938) 



Figure 12-4. Several Socket Options for 132-pin PGA 
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• Low insertion force socket soldertail 
(for production use) 
2XX-6576-00-3308 (new style) 
2XX-6003-00-3302 (older style) 

• Zero insertion force soldertail 
(for test and burn-in use) 
2XX-6568-00-3302 

Textool Products 

Electronic Products Dlvision/3m 

(1410 West Pioneer Drive 
Irving, Texas 75601 U.S.A. 
Phone 214-259-2676) 




TT 



ir_._l__.Jir 



courtesy Textoll Products/3M 
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Figure 12-4. Several Socket Options for 132-pin PGA (Continued) 



12.4 Package Thermal Specif ication 

The 82380 is specified for operation when case tem- 
perature is within the range of 0°C -85°C. The case 
temperature may be measured in any environment, 



to determine whether the 82380 is within the speci- 
fied operating range. 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 12.5. 



. MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 




132 -PIN PGA 



290128-A1 



Figure 12.5. Measuring 82380 PGA Case Temperature 
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Thermal Resistance— °C/Watt 


Parameter 


Airflow— f3/min (m3/sec) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1-01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


Junction-to-Case 
(case measured 
as Fig. 6.4) 


2 


2 


2 


2 


2 


2 


2 


Case-to-Ambient 
(no heatsink) 


19 


18 


17 


15 


12 


10 


9 


6 Case-to-Ambient 
(with omnidirectional 
heatsink) 


16 


15 


14 


12 


9 


7 


6 


Case-to-Ambient 
(with unidirectional 
heatsink) 


15 


14 


13 


11 


8 


6 


5 



46 




NOTES: 

1 . Table 1 2-6 applies to 82380 PGA plugged into socket or soldered 
directly into board. 

2. 0j A = 0JC +' 0CA- 

3- 0J-CAP = 4°C/W (approx.) 
0J-PIN = 4°C/W (inner pins) (approx.) 
0J-PIN = 8°C/W (outer pins) (approx.) 
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Figure 12-6. 82380 PGA Package Typical Thermal Characteristics 



13.0 ELECTRICAL DATA 



13.1 Power and Grounding 

The large number of output buffers (address, data 
and control) can cause power surges as multiple 
output buffers drive new signal levels simultaneous- 
ly. The 22 Vcc and Vss pins of the 82380 each feed 
separate functional units to minimize switching in- 
duced noise effects. All Vcc P«ns of the 82380 must 
be connected on the circuit board. 



connects are recommended for the best reliability at 
high frequencies. Low inductance capacitors are 
available specifically for Pin Grid Array packages. 



13.3 Unused Pin Recommendations 

For reliable operation, ALWAYS connect unused in- 
puts to a valid logic level. As is the case with most 
other CMOS processes, a floating input will increase 
the current consumption of the component and give 
an indeterminate state to the component. 



13.2 Power Decoupling 

Liberal decoupling capacitance should be placed 
close to the 82380. The 82380 driving its 32-bit par- 
allel address and data buses at high frequencies can 
cause transient power surges when driving large ca- 
pacitive loads. Low inductance capacitors and inter- 



13.4 ICE-386 Support 

The 82380 specifications provide sufficient drive ca- 
pability to support the ICE386. On the pins that are 
generally shared between the 80386 and the 82380, 
the additional loading represented by the ICE386 
was allowed for in the design of the 82380. 
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13.5 Maximum Ratings 

Storage Temperature - 65°C to + 1 50°C 

Case temperature Under Bias . . . -65°C to + 1 10°C 
Supply Voltage with Respect 

to V S s -0.5V to. f 6.5V 

Voltage on any other Pin -0.5V to V<x + 0.5V 

NOTE: 

Stress above those listed above may cause perma- 
nent damage to the device. This is a stress rating 



only and functional operation at these or any other 
conditions above those listed in the operational 
sections of this specification's not implied. 

Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. Al- 
though the 82380 contains protective circuitry to re- 
set damage from static electric discharges, always 
take precautions against high static voltages or elec- 
tric fields. 



13.6 B.C. Specif ications 

TcASE = 0°C to 85°C; V C c = 5V ±5%; V S s = 0V. 

Table 13-1- 



Symbol 


Parameter 


Mln 


Max 


Unit 


Notes 


ViL 


Input Low Voltage 


-0.3 


0.8 


v 


(Notel) 


V,h 


Input High Voltage 


2.0 


V CC + 0.3 


V 




v, LC 


CLK2 Input Low Voltage 


-0.3 


0.8 




(Notel) 


V|HC 


CLK2 Input High Voltage 


V CC ~ 0.8 


V CC + 0,3 


V 




Vol 


Output Low Voltage 
IOL = 4mA: A2-A31, 
D0-D31 
Iol = 5 mA: All Others 




0.45 
0.45 


V 
V 




V H 


Output High Voltage 
Ioh = -1 mA: A2-A31, 
D0-D31 
Ioh = -0.9 mA: All Others 


2.4 
2.4 




V 
V 




Ili 


Input Leakage Current for 

all ins except: 
IRQ11#-IRQ23#, 
TOUT2/IRQ3#, EOP#, DREQ4 




±15 


julA 


0V<V| N <Vcc 


Ilm 


Input Leakage Current for 
pins:IRQ11#-IRQ23#, 
TOUT2#/IRQ3# f EOP#, DREQ4 


10 


-300 


JLtA 


0V<V, N <V CC 
(Note 3) 


Ko 


Output Leakage Current 




±15 


ju,A 


0.45<V O UT<Vcc 


'cc 


Supply Current 




300 
325 


mA 
mA 


CLK2 = 32 MHz 
= 40 MHz 
(Note 4) 


(CAP) 


Capacitance (Input/IO) 




12 


PF 


f c = 1 MHz 
(Note 2) 


CCLK 


CLK2 Capacitance 




20 


pF 


f c = 1 MHz 
(Note 2) 



NOTES: 

1. Minimum value is not 100% tested. 

2. Sampled only. 

3. These pins have internal pullups on them. 

4. Ice is specified with inputs driven to CMOS levels. Ice way be higher if driven to TTL ievels. 
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13.6 D.C. Specif ications (Continued) 

TCASE = 0°C to 85°C; V C c = 5V ±5%; V S s = OV. 





Table 13-2. 82380-25 D.C. Sf 


►ecifications 






Symbol 


Parameter 


Min 


Max 


Unit 


Notes 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V| H 


Input High Voltage 


2.0 


V C C + 0.3 


V 




VlLC 


CLK2 Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V|HC 


CLK2 Input High Voltage 


2.0 


V C C + 0.3 


V 




Vol 


Output Low Voltage 

Iol = 4 mA: A 2 -A 31 , D -D 31 

Iol = 5 mA: All Others 




0.45 
0.45 


V 
V 




Voh 


Output High Voltage 

Iqh = -1 rnA: A2-A 31> D0-D31 

Ioh = -0.9 mA: All Others 


2.4 
2.4 




V 
V 




Ili 


Input Leakage Current 

All Inputs except: IRQ1 1 #- 

IRQ23#, EOP#, TOUT2/IRQ3#, 

DREQ4 




±15 


jllA 




lui 


Input Leakage Current 
Inputs: IRQ11#-IRQ23#, 
EOP#, TOUT2/IRQ3#, DREQ4 


10 


-300 


JLlA 


< V| N < V C c 
(Note 3) 


»LO 


Output Leakage Current 




±15 


julA 


< V, N < V CC 


•cc 


Supply Current (CLK2 = 50 MHz) 




375 


mA 


(Note 4) 


C| 


Input Capacitance 




12 


PF 


(Note 2) 


CCLK 


CLK2 Input Capacitance 




20 


PF 


(Note 2) 



NOTES: 

1. Minimum value is not 100% tested. 

2. fc = 1 MHz; Sampled only. 

3. These pins have weak internal pullups. They should not be left floating. 

4. Ice is specified with inputs driven to CMOS levels, and outputs driving CMOS loads. Ice may be higher if inputs are driven 
to TTL levels, or if outputs are driving TTL loads. 
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13.7 A.C. Specif ications 

The A.C. specifications given in the following tables 
consist of output delays and input setup require- 
ments. The A.C. diagram's purpose is to illustrate 
the clock edges from which the timing parameters 
are measured. The reader should not infer any other 
timing relationships from them. For specific informa- 
tion on timing relationships between signals, refer to 
the appropriate functional section. 



A.C. spec measurement is defined in Figure 13.1. 
Inputs must be driven to the levels shown when A.C. 
specifications are measured. 82380 output delays 
are specified with minimum and maximum limits, 
which are measured as shown. The minimum 82380 
output delay times are hold times for external circuit- 
ry. 82380 input setup and hold times are specified as 
minimums and define the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct 
82380 operation. 



CLK2 



OUTPUTS 
(A2-A31,D/C#, 



•wc#, r 

►#>ADS#, 
#.W/R#, L 




BE0#-BE3#, 
M/IO#, 
L0CK#,HLDA) 



OUTPUTS 
(DO-D31) 



INPUTS 

(NA#,BS16#, 

INTR, NMI) 



INPUTS r 
(READY#,H0LD, 
BUSY#,ERROR#, 
PEREQ.D0-D31) L 



LEGEND: 

©—maximum output delay spec 
©—minimum output delay spec 
©—minimum input setup spec 
©—minimum input hold spec 

NOTES: 

1 . Input waveforms have tr <. 2.0 ns from 0.8V to 2.0V. 

2. Under rated loading (120 pF) 386 output tr, tf is typically <. 4.0 ns from 0.8V to 2.0V. 



2901 28- B3 



Figure 13-1. Drive Levels and Measurement Points for A.C. Specification 
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A.C. SPECIFICATION TABLES 

Functional Operating Range: Vcc = 5V ±5%; Tqase = 0°C to + 85°C 

Table 13-3. 82380 A.C. Characteristics 



Symbol 


Parameter 


82380-16 


82380-20 


Notes 


Min 


Max 


Min 


Max 




Operating Frequency 


4 MHz 


16 MHz 


4 MHz 


20 MHz 


Half CLK2 Frequency 


t1 


CLK2 Period 


31 ns 


125 ns 


25 ns 


125 ns 




t2a 


CLK2 High Time 


9 




8 




at 2.0V 


t2b 


CLK2 High Time 


5 




5 




at(V CC -0.8)V 


t3a 


CLK2 Low Time 


9 




8 




at 2.0V 


t3b 


CLK2 Low Time 


7 




6 




at 0.8V 


t4 


CLK2 Fall Time 




8 




8 


(V C c-0.8)Vto0.8V 


t5 


CLK2 Rise Time 




8 




8 


0.8Vto(V C c-0.8)V 


t6 
t7 


A (2-31), BE (0-3) #, 
EDACK (0-2) 
Valid Delay 
Float Delay 


4 
4 


36 
40 


4 
4 


30 
32 


CL=120pF 
(Notel) 


t8 
t9 


A (2-31), BE (0-3) # 
Setup Time 
Hold Time 


6 
4 




6 
4 






t10 
t11 
t12 
t13 


W/R#,M/IO#,D/C#, 
Valid Delay 
Float Delay 
Setup Time 
Hold Time 


6 
4 
6 

4 


33 
35 


6 
4 
6 
4 


28 
30 


CL = 75 pF 
(Notel) 


t14 
t15 
t16 
t17 


ADS# Valid Delay 
Float Delay 
Setup Time 
Hold Time 


6 

4 
21 
4 


33 
35 


6 
4 
15 
4 


28 
30 


CL = 75 pF 


t18 
t19 


Slave Mode— 

D(0-31)Read 

Valid Delay 

Float Delay 


3 
6 


46 
35 


4 
6 


46 
29 


CL= 120pF 
(Notel) 


t20 
t21 


Slave Mode— 

D(0-31) Write 

Setup Time 

Hold Time 


31 
26 




29 
26 
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AC. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tcase = °°C to +85°C. 

Table 13-3. 82380 A.C. Characteristics (Continued) 



Symbol 


Parameter 


82380-16 


82380-20 


Notes 


Min 


Max 


Min 


Max 


t22 
t23 


Master Mode— 

D(0-31) Write 

Valid Delay 

Float Delay 


4 

4 


48 
35 


4 
4 


38 
27 


CL= 120 pF 
(Notel) 


t24 
t25 


Master Mode — 

D(0-31)Read 

Setup Time 

Hold Time 


11 
6 




11 
6 






t26 
t27 


READY# Setup Time 
Hold Time 


21 
4 




12 
4 






t28 
t29 


WSC (0-1) Setup 
Hold 


6 
21 




6 
21 






t31 
t30 


RESET Setup Time 
Hold Time 


13 
4 




12 
4 


i 




t32 


READYO# Valid Delay 


4 


31 


4 


28 


CL = 25 pF 


t33 


CPU Reset From CLK2 


2 


18 


2 


16 


CL = 50 pF 


t34 


HOLD Valid Delay 


5 


33 


5 


30 


CL= 100 pF 


t35 
t36 


HLDA Setup Time 
Hold Time 


21 
6 




17 
6 






t37a 


EOP# Setup Time 


21 




17 




Synch. EOP 


t38a 


EOP# Hold Time 


4 




4 






t37b 


EOP# Setup Time 


11 




11 




Asynch.EOP 


t38b 


EOP# Hold Time 


11 




11 






t39 


EOP# Valid Delay 


5 


38 


5 


30 


CL= 100pF(T->'0') 


t40 


EOP# Float Delay 


5 


40 


5 


32 


,. ..-■':' , . "' 


t41a 
t42a 


DREQ Setup Time 
Hold Time 


21 
4 




19 
4 




Synchronous DREQ 


t41b 
t42b 


DREQ Setup Time 
Hold Time 


11 
11 




11 
11 




Asynchronous DREQ 


t43 


INT Valid Delay 




500 




500 


From IRQ Input 
CL = 75 pF 


t44 
t45 


NA# Setup Time 
Hold Time 


11 
15 




10 
15 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: V C c = 5V ±5%; Tqase = 0°C to +85°C. 

Table 13-3. 82380 A.C. Characteristics (Continued) 



Symbol 


Parameter 


82380-16 


82380-20 


Notes 


Mln 


Max 


Mln 


Max 


t46 


CLKIN Frequency 


MHz 


10 MHz 


MHz 


10 MHz 




t47 


CLKIN High Time 


30 




30 




At 1.5V 


t48 


CLKIN Low Time 


50 




50 




At 1,5V 


t49 


CLKIN Rise Time 




10 




10 


0.8V to 2.0V 


t50 


CLKIN Fall Time 




10 




10 


2.0V to 0.8V 


t51 


TOUT1/REF# Valid 


4 


36 


4 


30 


From CLK2, CL = 25 pF 


t52 


TOUT1/REF# Valid 


3 


93 


3 


93 


From CLKIN, CL = 120pF 


t53 


TOUT2# Valid Delay 


3 


93 


3 


93 


From CLKIN, CL = 120 pF 
(Falling Edge Only) 


t54 


TOUT2# Float Delay 


3 


40 


3 


40 


From CLKIN (Note 1) 


t55 


TOUT3# Valid Delay 


3 


93 


3 


93 


From CLKIN, CL = 120 pF 



NOTE: 

1. Float condition occurs when the maximum output current becomes less than ILO in magnitude. Float delay is not tested. 
For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current loads. 

Functional Operating Range: V<x = 5V ±5%; Tqase = 0°C to +85°C. 
A.C. timings are tested at 1 .5V thresholds; except as noted. 





Table 1 3-4. 82380-25 A.C. Characteristics 






Symbol 


Parameter 


82380-25 


Unit 


Notes 


Min 


Max 




Operating Frequency 1 /(t1 a x 2) 


4 


25 


MHz 




t1 


CLK2 Period 


20 


125 


ns 




t2a 

t2b 

t3a 

t3b 

t4 

t5 


CLK2 High Time 
CLK2 High Time 
CLK2 Low Time 
CLK2 Low Time 
CLK2 Fall Time 
CLK2 Rise Time 


7 
4 
7 
4 


7 
7 


ns 
ns 
ns 
ns 
ns 
ns 


at 2.0V 
at 3.7V 
at 2.0V 
at 0.8V 
3.7V to 0.8V 
0.8V to 3.7V 


t6 
t7 


A2-A31,BE0#-BE3# 
EDACK0-EDACK3 Valid Delay 
A2-A31,BE0#-BE3# 
EDACK0-EDACK3 Float Delay 


4 
4 


20 
27 


ns 
ns 


50 pF Load 
50 pF Load 


t8 
t9 


A2-A31, BE0#-BE3# Setup Time 
A2-A31, BE0#-BE3# Hold Time 


6 

4 




ns 
ns 




t10 
t11 


W/R#, M/IO#, D/C# Valid Delay 
W/R#, M/IO#, D/C# Float Delay 


4 
4 


20 
29 


ns 
ns 


50 pF Load 
50 pF Load 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ± 5%; Tqase = 0°C to + 85°C. 
A.C. timings are tested at 1 .5V thresholds; except as noted. 

Table 1 3-4. 82380-25 A.C. Characteristics (Continued) 



Symbol 


Parameter 


82380-25 


Unit 


Notes 


Min 


Max 


t12 
t13 


W/R#, M/IO#, D/C# Setup Time 
W/R#, M/IO#, D/C# Hold Time 


6 
4 




ns 
ns 




t14 
t15 


ADS# Valid Delay 
ADS# Float Delay 


4 
4 


19 
29 


ns 
ns 


50 pF Load 
50 pF Load 


t16 
t17 


ADS# Setup Time 
ADS # Hold Time 


12 
4 




ns 
ns 




t18 
t19 


Slave Mode D0-D31 Read Valid 
Slave Mode D0-D31 Read Float 


4 
6 


31 
21 


ns 
ns 


50 pF Load 
50 pF Load 


t20 
t21 


Slave Mode D0-D31 Write Setup 
Slave Mode D0-D31 Write Hold 


20 
20 




ns 
ns 




t22 
t23 


Master Mode D0-D31 Write Valid 
Master Mode D0-D31 Write Float 


8 
4 


27 
19 


ns 
ns 


50 pF Load 
50 pF Load 


t24 
t25 


Master Mode D0-D31 Read Setup 
Master Mode DO- D31 Read Hold 


7 




ns 
ns 




t26 
t27 


READY# Setup Time 
READY # Hold Time 


9 
4 




ns 
ns 




t28 
t29 


WSC0- WSC1 Setup Time 
WSC0-WSC1 Hold Time 


6 
15 




ns 
ns 




t30 
t31 


RESET Hold Time 
RESET Setup Time 


4 
9 




ns 
ns 




t32 


READYO# Valid Delay 


3 


21 


ns 


25 pF Load 


t33 


CPURST Valid Delay 


2 


14 


ns 


50 pF Load 


t34 


HOLD Valid Delay 


4 


22 


ns 


50 pF Load 


t35 
t36 


HLDA Setup Time 
HLDA Hold Time 


17 
4 




ns 
ns 




t37a 
t38a 


EOP# Setup (Synchronous) 
EOP# Hold (Synchronous) 


13 
4 




ns 
ns 




t37b 
t38b 


EOP # Setup (Asynchronous) 
EOP# Hold (Asynchronous) 


10 
10 




ns 
ns 




t39 
t40 


EOP# Valid Delay 
EOP# Float Delay 


4 
4 


21 
21 


ns 
ns 


50 pF Load 
50 pF Load 


t41a 
t42a 


DREQ Setup (Synchronous) 
DREQ Hold (Synchronous) 


17 
4 




ns 
ns 




t41b 
t42b 


DREQ Setup (Asynchronous) 
DREQ Hold (Asynchronous) 


10 
10 




ns 
ns 




t43 


INT Valid Delay from IRQn 




500 


ns 


50 pF Load 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ±5%; T C ase = 0°Cto +85°C. 
A.C. timings are tested at 1 .5V thresholds; except as noted. 

Table 1 3-4. 82380-25 A.C. Characteristics (Continued) 



Symbol 


Parameter 


82380-25 


Unit 


Notes 


Mln 


Max 


t44 
t45 


NA# Setup Time 
NA# Hold Time 


7 
8 




ns 
ns 




t46 
t47 
t48 
t49 
t50 


CLKIN Frequency 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 




30 
50 


10 

10 
10 


MHz 
ns 
ns 
ns 
ns 


2.0V 
0.8V 

0.8V to 3.7V 
3.7V to 0.8V 


t51 
t52 


TOUT1/REF# Valid Delay 
from CLK2 (Refresh) 
from CLKIN (Timer) 


4 
3 


20 
90 


ns 
ns 


50 pF Load 
50 pF Load 


t53 
t54 


TOUT2# Valid Delay 

(Falling Edge Only) 

TOUT2# Float Delay 


3 
3 


90 
37 


ns 
ns 


50 pF Load 
50 pF Load 


t55 


TOUT3# Valid Delay 


3 


90 


ns 


50 pF Load 




290128-A4 



Figure 13-2. A.C. Test Load 




Figure 13-3. CLK2 Timing 
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Figure 13-4. Input Setup and Hold Timing 
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Figure 13-5. Reset Timing 
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Figure 13-6. Address Output Delays 
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Figure 13-7. Data Bus Output Delays 
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Figure 13-8. Control Output Delays 
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Figure 13-9. Timer Output Delays 
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APPENDIX A i 



Ports Listed by Address 



Port Address (HEX) Description 

00 Read/Write DMA Channel Target Address, A0- A1 5 

01 Read/Write DMA Channel Byte Count, B0-B1 5 

02 Read/Write DMA Channel 1 Target Address, A0-A15 

03 Read/Write DMA Channel 1 Byte Count, B0-B1 5 

04 Read/Write DMA Channel 2 Target Address, A0- A1 5 

05 Read/Write DMA Channel 2 Byte Count, B0-B1 5 

06 Read/Write DMA Channel 3 Target Address, A0- A1 5 

07 Read/Write DMA Channel 3 Byte Count, B0-B1 5 

08 Read/Write DMA Channel 0-3 Status/Command I Register 

09 Read/Write DMA Channel 0-3 Software Request Register 
OA Write DMA Channel 0-3 Set-Reset Mask Register 

OB Write DMA Channel 0-3 Mode Register I 

OC Write Clear Byte-Pointer FF 

OD Write DMA Master-Clear 

OE Write DMA Channel 0-3 Clear Mask Register 

OF Read/Write DMA Channel 0-3 Mask Register 

1 Read/Write DMA Channel Target Address, A24- A31 

1 1 Read/Write DMA Channel Byte Count, B1 6-B23 

12 Read/Write DMA Channel 1 Target Address, A24- A31 

13 Read/Write DMA Channel 1 Byte Count, B1 6-B23 

14 Read/Write DMA Channel 2 Target Address, A24-A31 

1 5 Read/Write DMA Channel 2 Byte Count, B1 6-B23 

1 6 Read/Write DMA Channel 3 Target Address, A24-A31 

1 7 Read/Write DMA Channel 3 Byte Count, B1 6-B23 

1 8 Write DMA Channel 0-3 Bus Size Register 

1 9 Read/Write DMA Channel 0-3 Chaining Register 
1A Write DMA Channel 0-3 Command Register II 

1 B Write DMA Channel 0-3 Mode Register II 

1C Read/Write Refresh Control Register 

1 E Reset Software Request Interrupt 

20 Write Bank B ICW1 , OCW2, or OCW3 

Read Bank B Poll, Interrupt Request or In-Service 
Status Register 

21 Write Bank B ICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 

22 Read Bank B ICW2 

28 Read/Write IRQ8 Vector Register 

29 Read/Write IRQ9 Vector Register 
2A Reserved 

2B Read/Write IRQ1 1 Vector Register 

2C Read/Write IRQ1 2 Vector Register 

2D Read/Write IRQ1 3 Vector Register 

2E Read/Write IRQ1 4 Vector Register 

2F Read/Write IRQ1 5 Vector Register 
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APPENDIX A— Ports Listed by Address (Continued) 

Port Address (HEX) Description 

30 Write BankAICW1,OCW2 or OCW3 

Read Bank A Poll, Interrupt Request or In-Service 
Status Register 

31 WriteBankAICW2,ICW3,ICW4orOCW1 
Read Bank A Interrupt Mask Register 

32 ReadBankAICW2 

38 Read/ Write I RQO Vector Register 

39 Read/Write IRQ1 Vector Register 
3A Read/Write IRQ1 .5 Vector Register 
3B Read/Write IRQ3 Vector Register 
3C Read/Write IRQ4 Vector Register 
3D Reserved 

3E Reserved 

3F Read/Write IRQ7 Vector Register 

40 Read/ Write Counter Register 

41 Read/ Write Counter 1 Register 

42 Read/Write Counter 2 Register 

43 Write Control Word Register I—Counter 0, 1 , 2 

44 Read/Write Counter 3 Register 

45 Reserved 

46 Reserved 

47 Write Word Register 1 1— Counters 
61 Write Internal Control Port 

64 Write CPU Reset Register (Data-1 1 1 1 XXXOH) 

72 Read/Write Wait State Register 

73 Read/Write Wait State Register 1 

74 Read/Write Wait State Register 2 

75 Read/Write Refresh Wait State Register 

76 Reserved 

77 Reserved 
7D Reserved 
7E Reserved 

7F Read/Write Relocation Register 

80 Read/Write Internal Diagnostic Port 

81 Read/Write DMA Channel 2 Target Address, A1 6- A23 

82 Read/Write DMA Channel 3 Target Address, A1 6- A23 

83 Read/Write DMA Channel 1 Target Address, A1 6- A23 

87 Read/Write DMA Channel Target Address, A1 6- A23 

88 Read/Write Internal Diagnostic Port 1 

89 Read/Write DMA Channel 6 Target Address, A1 6- A23 
8A Read/Write DMA Channel 7 Target Address, A1 6- A23 
8B Read/Write DMA Channel 5 Target Address, A1 6- A23 
8F Read/Write DMA Channel 4 Target Address, A1 6- A23 
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APPENDIX A— Ports Listed by Address (Continued) 

Port Address (HEX) Description 

90 Read/Write DMA Channel Requester Address, A0- A1 5 

91 Read/Write DMA Channel Requester Address, A1 6- A31 

92 Read/Write DMA Channel 1 Requester Address, A0-A1 5 

93 Read/Write DMA Channel 1 Requester Address, A1 6-A31 | 

94 Read/Write DMA Channel 2 Requester Address, A0-A1 5 ' 

95 Read/Write DMA Channel 2 Requester Address, A1 6-A31 

96 Read/Write DMA Channel 3 Requester Address, A0-A1 5 

97 Read/Write DMA Channel 3 Requester Address, A1 6-A31 

98 Read/Write DMA Channel 4 Requester Address, A0-A1 5 

99 Read/Write DMA Channel 4 Requester Address, AT6-A31 
9A Read/Write DMA Channel 5 Requester Address, A0-A1 5 
9B Read/Write DMA Channel 5 Requester Address, A1 6-A31 
9C Read/Write DMA Channel 6 Requester Address, A0-A1 5 
9D Read/Write DMA Channel 6 Requester Address, A1 6-A31 
9E Read/Write DMA Channel 7 Requester Address, A0-A1 5 
9F Read/Write DMA Channel 7 Requester Address, A1 6-A31 
A0 Write Bank C ICW1 , OCW2 or OCW3 

Read Bank C Poll, Interrupt Request or In-Service 
Status Register 

A1 Write Bank C ICW2, ICW3, ICW4 or OCW1 

Read Bank C Interrupt Mask Register 

A2 Read Bank CICW2 

A8 Read/Write IRQ1 6 Vector Register 

A9 Read/Write IRQ1 7 Vector Register 

AA Read/Write IRQ1 8 Vector Register 

AB Read/Write IRQ1 9 Vector Register 

AC Read/Write IRQ20 Vector Register 

AD Read/Write IRQ21 Vector Register 

AE Read/Write IRQ22 Vector Register 

AF Read/Write IRQ23 Vector Register 

CO Read/Write DMA Channel 4 Target Address, A0-A1 5 

C1 Read/Write DMA Channel 4 Byte Count, B0-B1 5 

C2 Read/Write DMA Channel 5 Target Address, A0-A1 5 

C3 Read/Write DMA Channel 5 Byte Count, B0-B1 5 

C4 Read/Write DMA Channel 6 Target Address, A0-A1 5 

C5 Read/Write DMA Channel 6 Byte Count, B0-B1 5 

C6 Read/Write DMA Channel 7 Target Address, A0-A1 5 

C7 Read/Write DMA Channel 7 Byte Count, B0-B1 5 

C8 Read DMA Channel 4-7 Status/Command I Register 

C9 Read/Write DMA Channel 4-7 Software Request Register 

CA Write DMA Channel 4-7 Set— Reset Mask Register 

CB Write DMA Channel 4-7 Mode Register I 

CC Reserved 

CD Reserved 

CE Write DMA Channel 4-7 Clear Mask Register 

CF Read/Write DMA Channel 4-7 Mask Register 
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APPENDIX A— Ports Listed by Address (Continued) 

Port Address (HEX) Description 

DO Read/Write DMA Channel 4 Target Address, A24-A31 

D1 Read/Write DMA Channel 4 Byte Count, B16-B23 

D2 Read/Write DMA Channel 5 Target Address, A24-A31 

D3 Read/Write DMA Channel 5 Byte Count, B16-B23 

D4 Read/Write DMA Channel 6 Target Address, A24-A31 

D5 Read/Write DMA Channel 6 Byte Count, B1 6-B23 

D6 Read/Write DMA Channel 7 Target Address, A24-A31 

D7 Read/Write DMA Channel 7 Byte Count, B16-B23 

D8 Write DMA Channel 4-7 Bus Size Register 

D9 Read/Write DMA Channel 4-7 Chaining Register 

DA Write DMA Channel 4-7 Command Register II 

DB Write DMA Channel 4-7 Mode Register II 
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APPENDIX B 
Ports Listed by Function 



Port Address (HEX) Description 

DMA CONTROLLER 

0D Write DMA Master-Clear 

0C Write DMA Clear Byte-Pointer FF 

08 Read/Write DMA Channel 0-3 Status/Command I Register 
C8 Read/Write DMA Channel 4-7 Status/Command I Register 
1 A Write DMA Channel 0-3 Command Register II 

DA Write DMA Channel 4-7 Command Register II 

OB Write DMA Channel 0-3 Mode Register I 

CB Write DMA Channel 4-7 Mode Register I 

1 B Write DMA Channel 0-3 Mode Register II 

DB Write DMA Channel 4-7 Mode Register II 

09 Read/Write DMA Channel 0-3 Software Request Register 
C9 Read/Write DMA Channel 4-7 Software Request Register 
1E Reset Software Request Interrupt 

0E Write DMA Channel 0-3 Clear Mask Register 

CE Write DMA Channel 4-7 Clear Mask Register 

OF Read/Write DMA Channel 0-3 Mask Register 

CF Read/Write DMA Channel 4-7 Mask Register 

0A Write DMA Channel 0-3 Set-Reset Mask Register 

CA Write DMA Channel 4-7 Set-Reset Mask Register 

18 Write DMA Channel 0-3 Bus Size Register 
D8 Write DMA Channel 4-7 Bus Size Register 

1 9 Read/Write DMA Channel 0-3 Chaining Register 
D9 Read/Write DMA Channel 4-7 Chaining Register 

00 Read/Write DMA Channel Target Address, A0-A1 5 
87 Read/Write DMA Channel Target Address, A1 6-A23 

1 Read/Write DMA Channel Target Address, A24- A31 

01 Read/Write DMA Channel Byte Count, B0-B15 

1 1 Read/Write DMA Channel Byte Count, B1 6-B23 

90 Read/Write DMA Channel Requester Address, A0-A1 5 

91 Read/Write DMA Channel Requester Address, A.1 6- A31 

02 Read/ Write DMA Channel 1 Target Address, A0-A1 5 
83 Read/ Write DMA Channel 1 Target Address, A16-A23 

1 2 Read/Write DMA Channel 1 Target Address, A24- A31 

03 Read/Write DMA Channel 1 Byte Count, B0-B1 5 

1 3 Read/Write DMA Channel 1 Byte Count, B1 6-B23 

92 Read/Write DMA Channel 1 Requester Address, A0-A1 5 

93 Read/Write DMA Channel 1 Requester Address, A1 6- A31 
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APPENDIX B— Ports Listed by Function (Continued) 

Port Address (HEX) Description 

DMA CONTROLLER 

04 Read/Write DMA Channel 2 Target Address, A0-A1 5 

81 Read/Write DMA Channel 2 Target Address, A1 6-A23 

1 4 Read/Write DMA Channel 2 Target Address, A24- A31 

05 Read/Write DMA Channel 2 Byte Count, B0-B1 5 

1 5 Read/Write DMA Channel 2 Byte Count, B1 6-B23 

94 Read/Write DMA Channel 2 Requester Address, A0-A1 5 

95 Read/Write DMA Channel 2 Requester Address, A1 6-A31 

06 Read/Write DMA Channel 3 Target Address, A0-A1 5 

82 Read/Write DMA Channel 3 Target Address, A1 6- A23 

1 6 Read/Write DMA Channel 3 Target Address, A24-A31 

07 Read/Write DMA Channel 3 Byte Count, B0-B1 5 

1 7 Read/Write DMA Channel 3 Byte Count, B1 6-B23 

96 Read/Write DMA Channel 3 Requester Address, A0-A1 5 

97 Read/Write DMA Channel 3 Requester Address, A1 6-A31 
CO Read/Write DMA Channel 4 Target Address, A0-A1 5 

8F Read/Write DMA Channel 4 Target Address, A1 6- A23 

DO Read/Write DMA Channel 4 Target Address, A24- A31 

C1 Read/Write DMA Channel 4 Byte Count, B0-B1 5 

D1 Read/Write DMA Channel 4 Byte Count, B16-B23 

98 Read/Write DMA Channel 4 Requester Address, A0-A1 5 

99 Read/Write DMA Channel 4 Requester Address, A1 6-A31 
C2 Read/Write DMA Channel 5 Target Address, A0-A1 5 

8B Read/Write DMA Channel 5 Target Address, A16-A23 

D2 Read/Write DMA Channel 5 Target Address, A24-A31 

C3 Read/Write DMA Channel 5 Byte Count, B0-B1 5 

D3 Read/Write DMA Channel 5 Byte Count, B1 6-B23 

9A Read/Write DMA Channel 5 Requester Address, A0-A1 5 

9B Read/Write DMA Channel 5 Requester Address, A1 6- A31 

C4 Read/Write DMA Channel 6 Target Address, A0-A1 5 

89 Read/Write DMA Channel 6 Target Address, A16-^A23 

D4 Read/Write DMA Channel 6 Target Address, A24-A31 

C5 Read/Write DMA Channel 6 Byte Count, B0-B1 5 

D5 Read/Write DMA Channel 6 Byte Count, B1 6-B23 

9C Read/Write DMA Channel 6 Requester Address, A0- A1 5 

9D Read/Write DMA Channel 6 Requester Address, A1 6-A31 

C6 Read/Write DMA Channel 7 Target Address, A0-A1 5 

8A Read/Write DMA Channel 7 Target Address, A1 6- A23 

D6 Read/Write DMA Channel 7 Target Address, A24-A31 

C7 Read/Write DMA Channel 7 Byte Count, B0-B1 5 

D7 Read/Write DMA Channel 7 Byte Count, B16-B23 

9E Read/Write DMA Channel 7 Requester Address, A0-A1 5 

9F Read/Write DMA Channel 7 Requester Address, A1 6-A31 
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APPENDIX B— Ports Listed by Function (Continued) 

Port Address (HEX) Description I 

INTERRUPT CONTROLLER -, 

20 Write Bank B ICW1 , OCW2, or OCW3 

Read Bank B Poll, Interrupt Request or In-Service 
Status Register : 

21 Write Bank B ICW2, ICW3, ICW4 or OCW1 ! 
Read Bank B Interrupt Mask Register 

22 Read Bank B ICW2 | 

28 Read/Write IRQ8 Vector Register 

29 Read/ Write I RQ9 Vector Register 

2A Reserved t 

2B Read/Write IRQ1 1 Vector Register | 

2C Read/Write IRQ1 2 Vector Register 

2D Read/Write IRQ1 3 Vector Register 

2E Read/Write IRQ1 4 Vector Register 

2F Read/ Write I RQ1 5 Vector Register 

A0 Write Bank CICW1.0CW2 or OCW3 

Read Bank C Poll, Interrupt Request or In-Service 
Status Register 

A1 Write Bank C ICW2, ICW3, ICW4 or OCW1 

Read Bank C Interrupt Mask Register 

A2 Read Bank CICW2 

A8 Read/Write IRQ1 6 Vector Register 

A9 Read/Write IRQ1 7 Vector Register 

AA Read/ Write IRQ1 8 Vector Register 

AB Read/Write IRQ19 Vector Register 

AC Read/Write IRQ20 Vector Register 

AD Read/Write IRQ21 Vector Register 

AE Read/Write IRQ22 Vector Register 

AF Read/Write IRQ23 Vector Register j 

30 Write Bank A ICW1 , OCW2 or OCW3 

Read Bank A Poll, Interrupt Request oor In-Service 
Status Register 

31 Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 

32 ReadBankAICW2 

38 Read/Write IRQO Vector Register 

39 Read/Write IRQ1 Vector Register 

3A Read/Write IRQ1 .5 Vector Register I 

3B Read/Write IRQ3 Vector Register 

3C Read/Write IRQ4 Vector Register 

3D Reserved 

3E Reserved 

3F Read/Write IRQ7 Vector Register 
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APPENDIX B— Ports Listed by Function (Continued) 

Port Address (HEX) Description 

PROGRAMMABLE INTERVAL TIMER 

40 Read/Write Counter Register 

41 Read/Write Counter 1 Register 

42 Read/Write Counter 2 Register 

43 Write Control Word Register I— Counter 0, 1,2 

44 Read/Write Counter 3 Register 
47 Write Word Register 1 1— Counter 3 

CPU RESET 

64 Write CPU Reset Register (Data-1 1 1 1 XXXOH) 

WAIT STATE GENERATOR 

72 Read/Write Wait State Register 

73 Read/Write Wait State Register 1 

74 Read/Write Wait State Register 2 

75 Read/Write Refresh Wait State Register 

DRAM REFRESH CONTROLLER 

1C Read/Write Refresh Control Register 

INTERNAL CONTROL AND DIAGNOSTIC PORTS 

61 Write Internal Control Port 

80 Read/Write Internal Diagnostic Port 

88 Read/Write Internal Diagnostic Port 1 

RELOCATION REGISTER 

7F Read/Write Relocation Register 

INTEL RESERVED PORTS 

2A Reserved 

3D Reserved 

3E Reserved 

45 Reserved 

46 Reserved 

76 Reserved 

77 Reserved 
7D Reserved 
7E Reserved 
CC Reserved 
CD Reserved 
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APPENDIX C 
Pin Descriptions 



The 82380 provides all of the signals necessary to 
interface it to an 80386 processor. It has separate 
32-bit address and data buses. It also has a set of 
control signals to support operation as a bus master 
or a bus slave. Several special function signals exist 
on the 82380 for interfacing the system support pe- 
ripherals to their respective system counterparts. 
Following are the definitions of the individual pins of 
the 82380. These brief descriptions are provided as 
a reference. Each signal is further defined within the 
sections which describe the associated 82380 func- 
tion. 



A2-A31 



I/O 



ADDRESS BUS 



This is the 32-bit address bus. The addresses are 
doubleword memory and I/O addresses. These are 
three-state signals which are active only during Mas- 
ter mode. The address lines should be connected 
directly to the 80386's local bus. 



BE0# 



I/O 



BYTE-ENABLE 



BE0# active indicates that data bits DO- D7 are be- 
ing accessed or are valid. It is connected directly to 
the 80386's BE0#. The byte enable signals are ac- 
tive outputs when the 82380 is in the Master mode. 



BE1# 



I/O 



BYTE-ENABLE 1 



BE1# active indicates that data bits D8-D15 are 
being accessed or are valid. It is connected directly 
to the 80386's BE1 #. The byte enable signals are 
active only when the 82380 is in the Master mode. 



BE2# 



I/O 



BYTE-ENABLE 2 



BE2# active indicates that data bits D15-D23 are 
being accessed or are valid. It is connected directly 
to the 80386's BE2#. The byte enable signals are 
active only when the 82380 is in the Master mode. 



BE3# 



I/O 



BYTE-ENABLE 3 



BE3# active indicates that data bits D24-D31 are 
being accessed or are valid. The byte enable signals 
are active only when the 82380 is in the Master 
mode. This pin should be connected directly to the 
80386's BE3#. This pin is used for factory testing 
and must be low during reset. The 80386 drives 
BE3# low during reset. 



D0-D31 



I/O 



DATA BUS 



This is the 32-bit data bus. These pins are active 
outputs during interrupt acknowledges, during Slave 
accesses, and when the 82380 is in the Master 
mode. 



CLK2 



PROCESSOR CLOCK 



This pin must be connected to CLK2. The 82380 
monitors the phase of this clock in order to remain 
synchronized with the 80386. This clock drives all of 
the internal synchronous circuitry. 



D/C# 



I/O 



DATA/CONTROL 



D/C# is used to distinguish between 80386 control 
cycles and DMA or 80386 data access cycles. It is 
active as an output only in the Master mode. 



W/R# 



I/O 



WRITE/READ 



W/R# is used to distinguish between write and read 
cycles. It is active as an output only in the Master 
mode. 



M/IO# 



I/O 



MEMORY/IO 



M/IO# is used to distinguish between memory and 
IO accesses. It is active as an output only in the 
Master mode. 



ADS# 



I/O 



ADDRESS STATUS 



This signal indicates presence of a valid address on 
the address bus. It is active as output only in the 
Master mode. ADS# is active during the first T-state 
where addresses and control signals are valid. 



NA# 



I 



NEXT ADDRESS 



Asserted by a peripheral or memory to begin a pipe- 
lined address cycle. This pin is monitored only while 
the 82380 is in the Master mode. In the Slave mode, 
pipelining is determined by the current and past 
status of the ADS# and READY # signals. 
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HIGH PERFORMANCE 

32-BIT CACHE CONTROLLER 



Improves 80386 System Performance 

— Reduces Average CPU Wait States to 
Nearly Zero 

— Zero Wait State Read Hit 

— Zero Wait State Posted Memory 
Writes 

— Allows Other Masters to Access the 
System Bus More Readily 

Hit Rates up to 99% 

Optimized as 80386 Companion 

— Simple 80386 Interface 

— Part of 386-Based Compute Engine 
Including 80387 Numerics 
Coprocessor and 82380 Integrated 
System Peripheral 

— 16 MHz, 20 MHz, and 25 MHz 
Operation 

Software Transparent 



Synchronous Dual Bus Architecture 

— Bus Watching Maintains Cache 
Coherency 

Maps Full 80386 Address Space 
(4 Gigabytes) 

Flexible Cache Mapping Policies 

— Direct Mapped or 2- Way Set 
Associative Cache Organization 

— Supports Non-Cacheable Memory 
Space 

— Unified Cache for Code and Data 

Integrates Cache Directory and Cache 
Management Logic 

High Speed CHMOS III Technology 

132-Pin PGA Package 



The 82385 Cache Controller is a high performance 32-bit peripheral for Intel's 80386 Microprocessor. It stores 
a copy of frequently accessed code and data from main memory in a zero wait state local cache memory. The 
82385 enables the 80386 to run at its full potential by reducing the average number of CPU wait states to 
nearly zero. The dual bus architecture of the 82385 allows other masters to access system resources while the 
80386 operates locally out of its cache. In this situation, the 82385's "bus watching" mechanism preserves 
cache coherency by monitoring the system bus address lines at no cost to system or local throughput. 

The 82385 is completely software transparent, protecting the integrity of system software. High performance 
and board savings are achieved because the 82385 integrates a cache directory and all cache management 
logic on one chip. 
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1.0 82385 FUNCTIONAL OVERVIEW 

The 82385 Cache Controller is a high performance 
32-bit peripheral for Intel's 80386 microprocessor. 
This chapter provides an overview of the 82385, and 
of the basic architecture and operation of an 80386/ 
82385 system. 



1.1 82385 OVERVIEW 

The main function of a cache memory system is to 
provide fast local storage for frequently accessed 
code and data. The cache system intercepts 80386 
memory references to see if the required data re- 
sides in the cache. If the data resides in the cache (a 
hit), it is returned to the 80386 without incurring wait 
states. If the data is not cached (a miss), the refer- 
ence is forwarded to the system and the data re- 
trieved from main memory. An efficient cache will 
yield a high "hit rate" (the ratio of cache hits to total 
80386 accesses), such that the majority of accesses 
are serviced with zero wait states. The net effect is 
that the wait states incurred in a relatively infrequent 
miss are averaged over a large number of accesses, 
resulting in an average of nearly zero wait states per 
access. Since cache hits are serviced locally, a 
processor operating out of its local cache has a 
much lower "bus utilization" which reduces system 
bus bandwidth requirements, making more band- 
width available to other bus masters. 

The 82385 Cache Controller integrates a cache di- 
rectory and all cache management logic required to 
support an external 32 Kbyte cache. The cache di- 



rectory structure is such that the entire physical ad- 
dress range of the 80386 (4 Gigabytes) is mapped 
into the cache. Provision is made to allow areas of 
memory to be set aside a non-cacheable. The user 
has two cache organization options: direct mapped 
and 2-way set associative. Both provide the high hit 
rates necessary to make a large, relatively slow 
main memory array look like a fast, zero wait state 
memory to the 80386. 

A good hit rate is an essential ingredient of a suc- 
cessful cache implementation. Hit rate is the mea- 
sure of how efficient a cache is in maintaining a copy 
of the most frequently requested code and data. 
However, efficiency is not the only factor for per- 
formance consideration. Just as essential are sound 
cache management policies. These policies refer to 
the handling of 80386 writes, preservation of cache 
coherency, and ease of system design. The 82385's 
"posted write" capability allows 80386 memory 
writes, including non-cacheable, to run with zero 
wait states, and the 82385's "bus watching" mecha- 
nism preserves cache coherency with no impact on 
system performance. Physically, the 82385 ties di- 
rectly to the 80386 with virtually no external logic. 



1.2 SYSTEM OVERVIEW I: BUS 
STRUCTURE 

A good grasp of the bus structure of an 80386/ 
82385 system is essential in understanding both the 
82385 and its role in an 80386 system. The following 
is a description of this structure. 
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Figure 1-1. 80386 System Bus Structure 
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1.2.1 80386 Local Bus/82385 Local 
Bus/System Bus 

Figure 1-1 depicts the bus structure of a typical 
80386 system. The "80386 Local Bus" consists of 
the physical 80386 address, data, and control bus- 
ses. The local address and data busses are buffered 
and/or latched to become the "system" address 
and data busses. The local control bus is decoded 
by bus control logic to generate the various system 
bus read and write commands. 

The addition of an 82385 Cache Controller causes a 
separation of the 80386 bus into two distinct busses: 
the actual 80386 local bus and the "82385 Local 
Bus" (Figure 1-2). The 82385 local bus is designed 
to look like the front end of an 80386 by providing 
82385 local bus equivalents to all appropriate 80386 
signals. The system ties to this "80386-like" front 
end just as it would to an actual 80386. The 80386 
simply sees a fast system bus, and the system sees 
an 80386 front end with low bus bandwidth require- 
ments. The cache subsystem is transparent to both. 
Note that the 82385 local bus is not simply a buff- 
ered version of the 80386 bus, but rather is distinct 
from, and able to operate in parallel with the 80386 
bus. Other masters residing on either the 82385 lo- 
cal bus or system bus are free to manage system 
resources while the 80386 operates out of its cache. 



1.2.2 Bus Arbitration 

The 82385 presents the "80386-like" interface 
which is called the 82385 local bus. Whereas the 
80386 provides a Hold Request/Hold Acknowledge 
bus arbitration mechanism via its HOLD and HLDA 
pins, the 82385 provides an equivalent mechanism 
via its BHOLD and BHLDA pins. (These signals are 
described in section 3.7.) When another master re- 
quests the 82385 local bus, it issues the request to 
the 82385 via BHOLD. Typically, at the end of the 
current 82385 local bus cycle, the 82385 will release 
the 82385 local bus and acknowledge the request 
via BHLDA. The 80386 is of course free to continue 
operating on the 80386 local bus while another mas- 
ter owns the 82385 local bus. 



1.2.3 Master/Slave Operation 

The above 82385 local bus arbitration discussion is 
strictly true only when the 82385 is programmed for 
"Master" mode operation. The user can, however, 
configure the 82385 for "Slave" mode operation. 
(Programming is done via a hardware strap option.) 
The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode; BHOLD is now an output indi- 
cating a request to control the bus, and BHLDA is an 
input indicating that a request has been granted. An 
82385 programmed in slave mode drives the 82385 
local bus only when it has requested and subse- 
quently been granted bus control. This allows multi- 
ple 80386/82385 subsystems to reside on the same 
82385 local bus (Figure 1-3). 
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Figure 1-2. 80386/82385 System Bus Structure 
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Figure 1-3. Multi-Master/Multi-Cache Environment 



1.2.4 Cache Coherency 

Ideally, a cache contains a copy of the most heavily 
used portions of main memory. To maintain cache 
"coherency" is to make sure that this local copy is 
identical to main memory. In a system where multi- 
ple masters can access the same memory, there is 
always a risk that one master will alter the contents 
of a memory location that is duplicated in the local 
cache of another master. (The cache is said to con- 
tain "stale" data.) One rather restrictive solution is to 
not allow cache subsystems to cache shared memo- 
ry. Another simple solution is to flush the cache any- 
time another master writes to system memory. How- 
ever, this can seriously degrade system perform- 
ance as excessive cache flushing will reduce the hit 



rate of what may otherwise be a highly efficient 
cache. 

The 82385 preserves cache coherency via "bus 
watching" (also called snooping), a technique that 
neither impacts performance nor restricts memory 
mapping. An 82385 that is not currently bus master 
monitors system bus cycles, and when a write cycle 
by another master is detected (a snoop), the system 
address is sampled and used to see if the refer- 
enced location is duplicated in the cache. If so (a 
snoop hit), the corresponding cache entry is invali- 
dated, which will force the 80386 to fetch the up-to- 
date data from main memory the next time it access- 
es this modified location. Figure 1-4 depicts the gen- 
eral form of bus watching. 
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Figure 1-4. 82385 Bus Watching— Monitor System Bus Write Cycles 
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1.3 SYSTEM OVERVIEW II: BASIC 
OPERATION 

This discussion is an overview of the basic operation 
of an 80386/82385 system. Items discussed include 
the 82385's response to all 80386 cycles, including 
interrupt acknowledges, halts, and shutdowns. Also 
discussed are non-cacheable and local accesses. 



1.3.1 80386 Memory Code and Data 
Read Cycles 

1.3.1.1 READ HITS 

When the 80386 initiates a memory code or data 
read cycle, the 82385 compares the high order bits 
of the 80386 address bus with the appropriate ad- 
dresses (tags) stored in its on-chip directory. (The 
directory structure is described in chapter 2.) If the 
82385 determines that the requested data is in the 
cache, it issues the appropriate control signals that 
direct the cache to drive the requested data onto the 
80386 data bus, where it is read by the 80386. The 
82385 terminates the 80386 cycle without inserting 
any wait states. 

1.3.1.2 READ MISSES 

If the 82385 determines that the requested data is 
not in the cache, the request is forwarded to the 
82385 local bus and the data retrieved from main 
memory. As the data returns from main memory, it is 
directed to the 80386 and also written into the 
cache. Concurrently, the 82385 updates the cache 
directory such that the next time this particular piece 
of information is requested by the 80386, the 82385 
will find it in the cache and return it with zero wait 
states. 

The basic unit of transfer between main memory and 
cache memory in a cache subsystem is called the 
line size. In an 82385 system, the line size is one 32- 
bit aligned doubleword. During a read miss, all four 
82385 local bus byte enables are active. This en- 
sures that a full 32-bit entry is written into the cache. 
(The 80386 simply ignores what it did not request.) 
In any other type of 80386 cycle that is forwarded to 
the 82385 local bus, the logic levels of the 80386 
byte enables are duplicated on the 82385 local bus. 

The 82385 does not actively fetch main memory 
data independently of the 80386. The 82385 is es- 
sentially a passive device which only monitors the 
address bus and activates control signals. The read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. 



In an isolated read miss, the number of wait states 
seen by the 80386 is that required by the system 
memory to respond with data plus the cache com- 
parison cycle (hit/miss decision). The cache system 
must determine that the cycle is a miss before it can 
begin the system memory access. However, since 
misses most often occur consecutively, the 82385 
will begin 80386 address pipelined cycles to effec- 
tively "hide" the comparison cycle beyond the first 
miss (refer to section 4. 1.3). 

The 82385 can execute a main memory access on 
the 82385 local bus only if it currently owns the bus. 
If not, an 82385 in master mode will run the cycle 
after the current master releases the bus. An 82385 
in slave mode will issue a hold request, and will run 
the cycle as soon as the request is acknowledged. 
(This is true for any read or write cycle that needs to 
run on the 82385 local bus.) 



1.3.2 80386 Memory Write Cycles 

The 82385's "posted write" capability allows the 
majority of 80386 memory write cycles to run with 
zero wait states. The primary memory update policy 
implemented in a posted write is the traditional 
cache "write through" technique, which implies that 
main memory is always updated in any memory write 
cycle. If the referenced location also happens to re- 
side in the cache (a write hit), the cache is updated 
as well. 

Beyond this, a posted write latches the 80386 ad- 
dress, data, and cycle definition signals, and the 
80386 local bus cycle is terminated without any wait 
states, even though the corresponding 82385 local 
bus cycle is not yet completed, or perhaps not even 
started. A posted write is possible because the 
82385's bus state machine, which is almost identical 
to the 80386 bus state machine, is able to run 82385 
local bus cycles independently of the 80386. The 
only time the 80386 sees wait states in a write cycle 
is when a previously latched write has not yet been 
completed on the 82385 local bus. An 80386 write 
can be posted even if the 82385 does not currently 
own the 82385 local bus. In this case, an 82385 in 
master mode will run the cycle as soon as the cur- 
rent master releases the bus, and an 82385 in slave 
mode will request the bus and run the cycle when 
the request is acknowledged. The 80386 is free to 
continue operating out of its cache (on the 80386 
local bus) during this time. 



1,3.3 Non-Cacheable Cycles 

Non-cacheable cycles fail into one of two catego- 
ries: cycles decoded as non-cacheable, and cycles 
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that are by default non-cacheable according to the 
82385's design. All non-cacheable cycles are for- 
warded to the 82385 local bus. Non-cacheable cy- 
cles have no effect on the cache or cache directory. 

The 82385 allows the system designer to define ar- 
eas of main memory as non-cacheable. The 80386 
address bus is decoded and the decode output is 
connected to the 82385's non-cacheable access 
(NCA#) input. This decoding is done in the first 
80386 bus state in which the non-cacheable cycle 
address becomes available. Non-cacheable read cy- 
cles resemble cacheable read miss cycles, except 
that the cache and cache directory are unaffected. 
Non-cacheable writes, like all writes, are posted. 

The 82385 defines certain cycles as non-cacheable 
without using its non-cacheable access input. These 
include I/O cycles, interrupt acknowledge cycles, 
and halt/shutdown cycles. I/O reads and interrupt 
acknowledge cycles execute as any other non- 
cacheable read. I/O write cycles and Halt/Shut- 
down cycles, as with other non-cacheable writes, 
are posted. During a halt/shutdown condition, the 
82385 local bus duplicates the behavior of the 
80386, including the ability to recognize and respond 
to a BHOLD request. (The 82385's bus watching 
mechanism is functional in this condition.) 

1.3.3.1 16-BIT MEMORY SPACE 

The 82385 does not cache 16-bit memory space (as 
decoded by the 80386 BS16# input), but does 
make provisions to handle 16-bit space as non- 
cacheable. (There is no 82385 equivalent to the 
80386 BS16# input.) In a system without an 82385, 
the 80386 BS16# input need not be asserted until 
the last state of a 16-bit cycle for the 80386 to rec- 
ognize it as such (unless NA# is sampled active ear- 
lier in the cycle.) The 82385, however, needs this 
information earlier, specifically at the end of the first 
80386 bus state in which the address of the 16-bit 
cycle becomes available. The result is that in a sys- 
tem without an 82385, 16-bit devices can inform the 
80386 that they are 16-bit devices "on the fly," 



while in a system with an 82385, devices decoded 
as 16-bit (using the 80386 BS16#) must be located 
in address space set aside for 16-bit devices. If 16- 
bit space is decoded according to 82385 guidelines 
(as described later in the data sheet), then the 
82385 will handle 16-bit cycles just like the 80386 
does, including effectively locking the two halves of 
a non-aligned 16-bit transfer from interruption by an- 
other master. 



1.3.4 80386 Local Bus Cycles 

80386 Local Bus Cycles are accesses to resources 
on the 80386 local bus rather than to the 82385 it- 
self. The 82385 simply ignores these accesses: they 
are neither forwarded to the system nor do they af- 
fect the cache. The designer sets aside memory 
and/or I/O space for local resources by decoding 
the 80386 address bus and feeding the decode to 
the 82385's local bus access (LBA#) input. The de- 
signer can also decode the 80386 cycle definition 
signals to keep specific 80386 cycles from being for- 
warded to the system. For example, a multi-proces- 
sor design may wish to capture and remedy an 
80386 shutdown locally without having it detected 
by the rest of the system. Note that in such a design, 
the local shutdown cycle must be terminated by lo- 
cal bus control logic. The 80387 Numerics Coproc- 
essor is considered an 80386 local bus resource, 
but it need not be decoded as such by the user since 
the 82385 is able to internally recognize 80387 ac- 
cesses via the M/IO# and A31 pins. 



1.3.5 Summary of 82385 Response to 
All 80386 Cycles 

Table 1-1 summarizes the 82385 response to all 
80386 bus cycles, as conditioned by whether or not 
the cycle is decoded as local or non-cacheable. The 
table describes the impact of each cycle on the 
cache and on the cache directory, and whether or 
not the cycle is forwarded to the 82385 local bus. 
Whenever the 82385 local bus is marked "IDLE", it 
implies that this bus is available to other masters. 
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Table 1-1. 82385 Response to 80386 Cycles 

82385 Response 62385 Response 



80386 Bus Cycle 
Definition 



when Decoded 
as Cacheable 



when Decoded 
as Non-Cacheable 



82385 Response when 

Decoded as an 80386 

Local Bus Access 



M/IO# 


D/C# 


W/R# 


80386 
Cycle 




Cache 


Cache 
Directory 


82385 
Local Bus 


Cache 


Cache 
Directory 


82385 
Local Bus 


Cache 


Cache 
Directory 


82385 
Local Bus 











INTACK 


N/A 


— 


— 


INTACK 


— 





INTACK 


V— 


— 


IDLE 








1 


UNDEFINED 


N/A 






UNDEFINED 






UNDEFINED 






IDLE 





1 





I/O READ 


N/A 


— 


.— 


l/OREAD 


— 


— 


I/O READ 


.— ' 


— 


IDLE 





1 


1 


I/O WRITE 


N/A 


__ 


_ 


I/O WRITE 


— 


•— . 


I/O WRITE 


— , 


— 


IDLE 


1 








MEM CODE 
READ 


HIT 


CACHE 
READ 


— 


IDLE 


— 


— ' 


MEM 
CODE 
READ 


— 


— 


IDLE 


MISS 


CACHE 
WRITE 


DATA 
VALIDATION 


MEM CODE 
READ 


1 





1 


HALT/ 
SHUTDOWN 


N/A 


— 


— 


HALT/ 
SHUTDOWN 


— 


— 


HALT/ 
SHUTDOWN 


." — 


— 


IDLE 


1 


1 





MEM DATA 
READ 


HIT 


CACHE 
READ 


— 


IDLE 


— 


— 


MEM 
DATA 
READ 


•— ■ 


— 


IDLE 


MISS 


CACHE 
WRITE 


DATA 
VALIDATION 


MEM DATA 
READ 


1 


1 


1 


MEM DATA 
WRITE 


HIT 


CACHE 
WRITE 


— 


MEM DATA 
WRITE 


— 


— 


MEM 
DATA 
WRITE 


— 


— 


IDLE 


MISS 


— 


— 


MEM DATA 
WRITE 



NOTES: 

• A dash (— ) indicates that the cache and cache directory are unaffected. This table does not reflect how an access affects the LRU bit. 

• An "IDLE" 82385 Local Bus implies that this bus is available to other masters. 

• The 82385's response to 80387 accesses is the same as when decoded as an 80386 Local Bus access. 

• The only other operations that affect the cache directory are: 

1 . RESET or Cache Flush— all tag valid bits cleared. 

2. Snoop Hit— corresponding line valid bit cleared. 
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1.3.6 Bus Watching 

As previously discussed, the 82385 "qualifies" an 
80386 bus cycle in the first bus state in which the 
address and cycle definition signals of the cycle be- 
come available. The cycle is qualified as read or 
write, cacheable or non-cacheable, etc. Cacheable 
cycles are further classified as hit or miss according 
to the results of the cache comparison, which ac- 
cesses the 82385 directory and compares the ap- 
propriate directory location (tag) to the current 
80386 address. If the cycle turns out to be non- 
cacheable or a 80386 local bus access, the hit/miss 
decision is ignored. The cycle qualification requires 
one 80386 state. Since the fastest 80386 access is 
two states, the second state can be used for bus 
watching. 

When the 82385 does not own the system bus, it 
monitors system bus cycles. If another master writes 
into main memory, the 82385 latches the system ad- 
dress and executes a cache look-up to see if the 
altered main memory location resides in the cache. 
If so (a snoop hit), the cache entry is marked invalid 
in the cache directory. Since the directory is at most 
only being used every other state to qualify 80386 
accesses, snoop look-ups are interleaved between 
80386 local bus look-ups. The cache directory is 
time multiplexed between the 80386 address and 
the latched system address. The result is that all 
snoops are caught and serviced without slowing 
down the 80386, even when running zero wait state 
hits on the 80386 local bus. 



1.3.7 Cache Flush 

The 82385 offers a cache flush input. When activat- 
ed, this signal causes the 82385 to invalidate all 
data which had previously been cached. Specifically, 



all tag valid bits are cleared. (Refer to the 82385 
directory structure in chapter 2.) Therefore, the 
cache is effectively empty and subsequent cycles 
are misses until the 80386 begins repeating the new 
accesses (hits). The primary use of the FLUSH input 
is for diagnostics and multi-processor support. 

NOTE: 

The use of this pin as a coherency mechanism may 
impact software transparency. 



2.0 82385 CACHE ORGANIZATION 

The 82385 supports two cache organizations: a sim- 
ple direct mapped organization and a slightly more 
complex, higher performance two way set associa- 
tive organization. The choice is made by strapping 
an 82385 input (2W/D#) either high or low. This 
chapter describes the structure and operation of 
both organizations. 



2.1 DIRECT MAPPED CACHE 

2.1.1 Direct Mapped Cache Structure 
and Terminology 

Figure 2-1 depicts the relationship between the 
82385's internal cache directory, the external cache 
memory, and the 80386's 4 Gigabyte physical ad- 
dress space. The 4 Gigabytes can conceptually be 
thought of as cache "pages" each being 8K double- 
words (32 Kbytes) deep. The page size matches the 
cache size. The cache can be further divided into 
1024 (0 thru 1023) sets of eight doublewords (8 x 32 
bits). Each 32-bit doubleword is called a ."line." The 
unit of transfer between the main memory and 
cache is one line. 
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Figure 2-1. Direct Mapped Cache Organization 
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Each block in the external cache has an associated 
26-bit entry in the 82385's internal cache directory. 
This entry has three components: a 17-bit "tag," a 
"tag valid" bit, and eight "line valid" bits. The tag 
acts as a main memory page number (17 tag bits 
support 21 7 pages). For example, if line 9 of page 2 
currently resides in the cache, then a binary 2 is 
stored in the Set 1 tag field. (For any 82385 direct 
mapped cache page in main memory, Set consists 
of lines 0-7, Set 1 consists of lines 8-15, etc. Line 9 
is shaded in Figure 2-1.) An important characteristic 
of a direct mapped cache is that line 9 of any page 
can only reside in line 9 of the cache. All identical 
page offsets map to a single cache location. 

The data in a cache set is considered valid or invalid 
depending on the status of its tag valid bit. If clear, 
the entire set is considered invalid. If true, an individ- 
ual line within the set is considered valid or invalid 
depending on the status of its line valid bit. 

The 82385 sees the 80386 address bus (A2-A31) 
as partitioned into three fields: a 17-bit "tag" field 
(A15-A31), a 10-bit "set-address" field (A5-A14), 
and a 3-bit "line select" field (A2-A4). (See Figure 
2-2.) The lower 13 address bits (A2-A14) also serve 
as the "cache address" which directly selects one 
of 8K doublewords in the external cache. 



2.1.2 Direct Mapped Cache Operation 

The following is a description of the interaction be- 
tween the 80386, cache, and cache directory. 



2.1.2.1 READ HITS 

When the 80386 initiates a memory read cycle, the 
82385 uses the 10-bit set address to select one of 



1024 directory entries, and the 3-bit line select field 
to select one of eight line valid bits within the entry. 
The 13-bit cache address selects the corresponding 
doubleword in the cache. The 82385 compares the 
17-bit tag field (A15-A31 of the 80386 access) with 
the tag stored in the selected directory entry. If the 
tag and upper address bits match, and if both the 
tag and appropriate line valid bits are set, the result 
is a hit, and the 82385 directs the cache to drive the 
selected doubleword onto the 80386 data bus. A 
read hit does not alter the contents of the cache or 
directory. 

2.1.2.2 READ MISSES 

A read miss can occur in two ways. The first is 
known as a "line" miss, and occurs when the tag 
and upper address bits match and the tag valid bit is 
set, but the line valid bit is clear. The second is 
called a "tag" miss, and occurs when either the tag 
and upper address bits do not match, or the tag valid 
bit is clear. (The line valid bit is a "don't care" in a 
tag miss.) In both cases, the 82385 forwards the 
80386 reference to the system, and as the returning 
data is fed to the 80386, it is written into the cache 
and validated in the cache directory. 

In a line miss, the incoming data is validated simply 
by setting the previously clear line valid bit. In a tag 
miss, the upper address bits overwrite the previously 
stored tag, the tag valid bit is set, the appropriate 
line valid bit is set, and the other seven line valid bits 
are cleared. Subsequent tag hits with line misses will 
only set the appropriate line valid bit. (Any data as- 
sociated with the previous tag is no longer consid- 
ered resident in the cache.) 
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Figure 2-2. 80386 Address Bus Bit Fields — Direct Mapped Organization 



4«300 



iny 



82385 



MM/mm MFmrnMum 



2.1.2.3 OTHER OPERATIONS THAT AFFECT 
THE CACHE AND CACHE DIRECTORY 

The other operations that affect the cache and/or 
directory are write hits, snoop hits, cache flushes, 
and 82385 resets. In a write hit, the cache is updat- 
ed along with main memory, but the directory is un- 
affected. In a snoop hit, the cache is unaffected, but 
the affected line is invalidated by clearing its line 
valid bit in the directory. Both an 82385 reset and 
cache flush clear all tag valid bits. 

When an 80386/82385 system "wakes up" upon re- 
set, all tag valid bits are clear. At this point, a read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. Assume an early 80386 code ac- 
cess seeks (for the first time) line 9 of page 2. Since 
the tag valid bit is clear, the access is a tag miss, 
and the data is fetched from majn memory. Upon 
return, the data is fed to the 80386 and simulta- 
neously written into line 9 of the cache. The set di- 
rectory entry is updated to show this line as valid. 
Specifically, the tag and appropriate line valid bits 
are set, the remaining seven line valid bits cleared, 
and a binary 2 written into the tag. Since code is 
sequential in nature, the 80386 will likely next want 
line 10 of page 2, then line 11, and so on. If the 
80386 sequentially fetches the next six lines, these 
fetches will be line misses, and as each is fetched 
from main memory and written into the cache, its 
corresponding line valid bit is set. This is the basic 



flow of events that fills the cache with valid data. 
Only after a piece of data has been copied into the 
cache and validated can it be accessed in a zero 
wait state read hit. Also, a cache entry must have 
been validated before it can be subsequently altered 
by a write hit, or invalidated by a snoop hit. 

An extreme example of "thrashing" is if line 9 of 
page two is an instruction to jump to line 9 of page 
one, which is an instruction to jump back to line 9 of 
page two. Thrashing results from the direct mapped 
cache characteristic that all identical page offsets 
map to a single cache location. In this example, the 
page one access overwrites the cached page two 
data, and the page two access overwrites the cach- 
ed page one data. As long as the code jumps back 
and forth the hit rate is zero. This is of course an 
extreme case. The effect of thrashing is that a direct 
mapped cache exhibits a slightly reduced overall hit 
rate as compared to a set associative cache of the 
same size. 



2.2 TWO WAY SET ASSOCIATIVE 
CACHE 

2.2.1 Two Way Set Associative Cache 
Structure and Terminology 

Figure 2-3 illustrates the relationship between the 
directory, cache, and 4 Gigabyte address space. 
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Figure 2-3. Two-Way Set Associative Cache Organization 
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Whereas the direct mapped cache is organized as 
one bank of 8K doublewords, the two way set asso- 
ciative cache is organized as two banks (A and B) of 
4K doublewords each. The page size is halved, and 
the number of pages doubled. (Note the extra tag 
bit.) The cache now has 512 sets in each bank. (Two 
banks times 512 sets gives a total of 1024. The 
structure can be thought of as two half-sized direct 
mapped caches in parallel.) The performance ad- 
vantage over a direct mapped cache is that all iden- 
tical page offsets map to two cache locations in- 
stead of one, reducing the potential for thrashing. 
The 82385's partitioning of the 80386 address bus is 
depicted in Figure 2-4. 



2.2.2 LRU Replacement Algorithm 

The two way set associative directory has an addi- 
tional feature: the "least recently used" or LRU bit. 
In the event of a read miss, either bank A or bank B 
will be updated with new data. The LRU bit flags the 
candidate for replacement. Statistically, of two 
blocks of data, the block most recently used is the 
block most likely to be needed again in the near 
future. By flagging the least recently used block, the 
82385 ensures that the cache block replaced is the 
least likely to have data needed by the CPU. 



B. If B produces the hit, the LRU bit is pointed 
toward A. 



2.2.3.2 READ MISSES 

As in direct mapped operation, a read miss can be 
either a line or tag miss. Let's start with a tag miss 
example. Assume the 80386 seeks line 9 of page 2, 
and that neither the A nor B directory produces a tag 
match. Assume also, as indicated in Figure 2-3, that 
the LRU bit points to A. As the data returns from 
main memory, it is loaded into offset 9 of bank A. 
Concurrently, this data is validated by updating the 
set 1 directory entry for bank A. Specifically, the up- 
per address bits overwrite the previous tag, the tag 
valid bit is set, the appropriate line valid bit is set, 
and the other seven line valid bits cleared. Since this 
data Is the most recently used, the LRU bit is turned 
toward B. No change to bank B occurs. 

If the next 80386 request is line 10 of page two, the 
result will be a line miss. As the data returns from 
main memory, it will be written into offset 10 of bank 
A (tag hit/line miss in bank A), and the appropriate 
line valid bit will be set. A line miss in one bank will 
cause the LRU bit to point to the other bank. In this 
example, however, the LRU bit has already been 
turned toward B. 



2.2.3 Two Way Set Associative 
Cache Operation 

2.2.3.1 READ HITS 

When the 80386 initiates a memory read cycle, the 
82385 uses the 9-bit set address to select one of 
512 sets. The two tags of this set are simultaneously 
compared with A14-A31, both tag valid bits 
checked, and both appropriate line valid bits 
checked. If either comparison produces a hit, the 
corresponding cache bank is directed to drive the 
selected doubleword onto the 80386 data bus. 
(Note that both banks will never concurrently cache 
the same main memory location.) If the requested 
data resides in bank A, the LRU bit is pointed toward 



2.2.3.3 OTHER OPERATIONS THAT AFFECT 
THE CACHE AND CACHE DIRECTORY 

Other operations that affect the cache and cache 
directory are write hits, snoop hits, cache flushes, 
and 82385 resets. A write hit updates the cache 
along with main memory. If directory A detects the 
hit, bank A is updated, if directory B detects the hit, 
bank B is updated. If one bank is updated, the LRU 
bit is pointed toward the other. 

If a snoop hit invalidates an entry, for example, in 
cache bank A, the corresponding LRU bit is pointed 
toward A. This ensures that invalid data is the prime 
candidate for replacement in a read miss. Finally, 
resets and flushes behave just as they do in a direct 
mapped cache, clearing all tag valid bits. 
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Figure 2-4. 80386 Address Bus Bit Fields— Two-Way Set Associative Organization 
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3.0 82385 PIN DESCRIPTION 

The 82385 creates the 82385 local bus, which is a 
functional 80386 interface. To facilitate understand- 
ing, 82385 local bus signals go by the same name as 
their 80386 equivalents, except that they are pre- 
ceded by the letter "B". The 82385 local bus equiva- 
lent to ADS# is BADS#, the equivalent to NA# is 
BNA#, etc. This convention applies to bus states as 
well. For example, BT1 P is the 82385 local bus state 
equivalent to the 80386 T1 P state. 



3.1 80386/82385 INTERFACE 
SIGNALS 

These signals form the direct interface between the 
80386 and 82385. 



3.1.1 80386/82385 Clock (CLK2) 

CLK2 provides the fundamental timing for an 
80386/82385 system, and is driven by the same 
source that drives the 80386 CLK2 input. The 
82385, like the 80386, divides CLK2 by two to gen- 
erate an internal "phase indication" clock. (See Fig- 
ure 3-1 .) The CLK2 period whose rising edge drives 
the internal clock low is called PHI1, and the CLK2 
period that drives the internal clock high is called 
PHJ2. A PHI1-PHI2 combination (in that order) is 



known as a "T" state, and is the basis for 80386 bus 
cycles. 



3.1.2 80386/82385 Reset (RESET) 

This input resets the 82385, bringing it to an initial 
known state, and is driven by the same source that 
drives the 80386 RESET input. A reset effectively 
flushes the cache by clearing all cache directory tag 
valid bits. The falling edge of RESET is synchronized 
to CLK2, and used by the 82385 to properly estab- 
lish the phase of its internal clock. (See Figure 3-2.) 
Specifically, the second internal phase following the 
falling edge of RESET is PHI2. 



3.1.3 80386/82385 Address Bus 
(A2-A31), Byte Enables 
(BE0#-BE3#), and Cycle 
Definition Signals (M/IO#, 
D/C#,W/R#,LOCK#) 

The 82385 directly connects to these 80386 out- 
puts. The 80386 address bus is used in the cache 
directory comparison to see if data referenced by 
80386 resides in the cache, and the byte enables 
inform the 82385 as to which portions of the data 
bus are involved in an 80386 cycle. The cycle defini- 
tion signals are decoded by the 82385 to determine 
the type of cycle the 80386 is executing. 
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Figure 3-1. CLK2 and Internal Clock 
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3.1.4 80386/82385 Address Status 
(ADS # ) and Ready Input 
(READYI#) 

ADS# is an 80386 output, and tells the 82385 that 
new address and cycle definition information is avail- 
able. READYI# is an input to both the 80386 (via 
the 80386 READY# input pin) and 82385, that indi- 
cates the completion of an 80386 bus cycle. ADS# 
and READYI# are used to keep track of the 80386 
bus state. 



3.1.5 80386 Next Address Request 
(NA#) 

This 82385 output controls the pipelining of the 
80386. It can be tied directly to the 80386 NA# in- 
put, or it can be logically "AND"ed with other 80386 
local bus next address requests. 



3.1.6 Ready Output (RE ADYO#) and 
Bus Ready Enable (BRDYEN#) 

The 82385 directly terminates all but two types of 
80386 bus cycles with its READYO# output. 80386 
local bus cycles must be terminated by the local de- 
vice being accessed. This includes devices decoded 
using the 82385 LBA# signal and 80387 accesses. 

The other cycles not directly terminated by the 
82385 are 82385 local bus reads, specifically cache 
read misses and non-cacheable reads. (Recall that 
the 82385 forwards and runs such cycles on the 
82385 bus.) In these cycles the signal that termi- 
nates the 82385 local bus access is BREADY#, 
which is gated through to the 80386 local bus such 
that the 80386 and 82385 local bus cycles are con- 
currently terminated. BRDYEN# is used to gate the 
BREADY# signal to the 80386. 



3.2 CACHE CONTROL SIGNALS 

These 82385 outputs control the external 32KB 
cache data memory. 



3.2.1 Cache Address Latch Enable 
(CALEN) 

This signal controls the latch (typically an F or AS 
series 74373) that resides between the low order 
80386 address bits and the cache SRAM address 
inputs. (The outputs of this latch are the "cache ad- 
dress" described in the previous chapter.) When 
CALEN is high the latch is transparent. The falling 
edge of CALEN latches the current inputs which re- 



main applied to the cache data memory until CALEN 
returns to an active high state. 



3.2.2 Cache Transmit/Receive 
(CT/R#) 

This signal defines the direction of an optional data 
transceiver (typically an F or AS series 74245) be- 
tween the cache and 80386 data bus. When high, 
the transceiver is pointed towards the 80386 local 
data bus (the SRAMs are output enabled). When 
low, the transceiver points towards the cache data 
memory. A transceiver is required if the cache is de- 
signed with SRAMs that lack an output enable con- 
trol. A transceiver may also be desirable in a system 
that has a heavily loaded 80386 local data bus. 
These devices are not necessary when using 
SRAMs which incorporate an output enable. 



3.2.3 Cache Chip Selects 
(CS0#-CS3#) 

These active low signals tie to the cache SRAM chip 
selects, and individually enable the four bytes of the 
32-bit wide cache. CS0# enables D0-D7, CS1# 
enables D8-D15, CS2# enables D16-D23, and 
CS3# enables D24-D31. During read hits, all four 
bytes are enabled regardless of whether or not all 
four 80386 byte enables are active. (The 80386 ig- 
nores what it did not request.) Also, all four cache 
bytes are enabled in a read miss so as to update the 
cache with a complete line (double word). In a write 
hit, only those cache bytes that correspond to active 
byte enables are selected. This prevents cache data 
from being corrupted in a partial doubleword write. 



3.2.4 Cache Output Enables 

(COEA#, COEB#) and Write 
Enables (CWEA#, CWEB#) 

COEA# and COEB# are active low signals which 
tie to the cache SRAM output enables and respec- 
tively enable cache bank A or B to drive the 80386 
data bus. In a two-way set associative cache, either 
COEA# or COEB# is active during a read hit, de- 
pending on which bank is selected. In a direct 
mapped cache, both are activated, so the designer 
is free to use either one. 

CWEA# and CWEB# are active low signals which 
tie to the cache SRAM write enables, and respec- 
tively enable cache bank A or B to receive data from 
the 80386 data bus (80386 write hit or read miss 
update). In a two-way set associative cache, one or 
the other is enabled in a read miss or write hit. In a 
direct mapped cache, both are activated, so the de- 
signer is free to use either one. 
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If the cache is implemented with SRAMs that do not 
have output enables, then a transceiver between the 
cache memory and 80386 data bus is required. In 
this case, the output enable of each bank must be 
"AND"ed with the corresponding write enable to 
provide the transceiver enable signal. For example, 
COEA# and CWEA# are "AND"ed to enable the 
transceiver between cache bank A and the 80386 
data bus (chapter 4, Figures 4-4B and 4-4D). The 
various cache configurations supported by the 
82385 are described in chapter 4. 



3.3 80386 LOCAL BUS DECODE 
INPUTS 

These 82385 inputs are generated by decoding the 
80386 address and cycle definition lines. These ac- 
tive low inputs are sampled at the end of the first 
state in which the address of a new 80386 cycle 
becomes available (T1 or first T2P). The signals 
must be kept stable during the entire time the ad- 
dress is valid. They are not internally latched by the 
82385. 



3.3.1 80386 Local Bus Access (LBA#) 

This input identifies an 80386 access as directed to 
a resource (other than the cache) on the 80386 local 
bus. (The 80387 Numerics Coprocessor is consid- 
ered an 80386 local bus resource, but LBA# need 
not be generated as the 82385 internally decodes 
80387 accesses.) The 82385 simply ignores these 
cycles. They are neither forwarded to the system nor 
do they affect the cache or cache directory. Note 
that LBA# has priority over all other types of cycles. 
If LBA# is asserted, the cycle is interpreted as an 
80386 local bus access, regardless of the cycle type 
or status of NCA# or X16#. This allows any 80386 
cycle (memory, I/O, interrupt acknowledge, etc.) to 
be kept on the 80386 local bus if desired. 



3.3.2 Non-Cacheable Access (NCA#) 

This active low input identifies an 80386 cycle as 
non-cacheable. The 82385 forwards non-cacheable 
cycles to the 82385 local bus and runs them. The 
cache and cache directory are unaffected. 

NCA# allows a designer to set aside a portion of 
main memory as non-cacheable. Potential applica- 
tions include memory-mapped I/O and systems 
where multiple masters access dual ported memory 
via different busses. 



3.3.3 16-Bit Access (X16#) 

X16# is an active low input which identifies 16-bit 
memory and/or I/O space, and the decoded signal 
that drives X16# should also drive the 80386 
BS16# input. 16-bit accesses are treated like non- 
cacheable accesses: they are forwarded to and exe- 
cuted on the 82385 local bus with no impact on the 
cache or cache directory. In addition, the 82385 
locks the two halves of a non-aligned 1 6-bit transfer 
from interruption by another master, as does the 
80386. 



3.4 82385 LOCAL BUS INTERFACE 
SIGNALS 

The 82385 presents an "80386-like" front end to the 
system, and the signals discussed in this section are 
82385 local bus equivalents to actual 80386 signals. 
These signals are named with respect to their 80386 
counterparts, but with the letter "B" appended to the 
front. 

Note that the 82385 itself does not have equivalent 
output signals to the 80386 data bus (D0-D31), ad- 
dress bus (A2-A31), and cycle definition signals 
(M/IO#, D/C#, W/R#). The 82385 data bus (BD0- 
BD31) is actually the system side of a latching trans- 
ceiver, and the 82385 address bus and cycle defini- 
tion signals (BA2-BA31, BM/IO#, BD/C#, 
BW/R#) are the outputs of an edge-triggered latch. 
The signals that control this data transceiver and ad- 
dress latch are discussed in section 3.5. 



3.4.1 82385 Bus Byte Enables 
(BBE0#-BBE3#) 

BBE0#-BBE3# are the 82385 local bus equiva- 
lents to the 80386 byte enables. In a cache read 
miss, the 82385 drives all four signals low, regard- 
less of whether or not all four 80386 byte enables 
are active. This ensures that a complete line (dou- 
bleword) is fetched from main memory for the cache 
update. In all other 82385 local bus cycles, the 
82385 duplicates the logic levels of the 80386 byte 
enables. The 82385 tri-states these outputs when it 
is not the current bus master. 



3.4.2 82385 Bus Lock (BLOCK #) 

BLOCK # is the 82385 local bus equivalent to the 
80386 LOCK# output, and distinguishes between 
locked and unlocked cycles. When the 80386 runs a 
locked sequence of cycles (and LBA# is negated), 
the 82385 forwards and runs the sequence on the 
82385 local bus, regardless of whether any locations 
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referenced in the sequence reside in the cache. A 
read hit will be run as if it is a read miss, but a write 
hit will update the cache as well as being completed 
to system memory. In keeping with 80386 behavior, 
the 82385 does not allow another master to interrupt 
the sequence. BLOCK # is tri-stated when the 
82385 is not the current bus master. 



3.4.3 82385 Bus Address Status 
(BADS#) 

BADS# is the 82385 local bus equivalent of ADS#, 
and indicates that a valid address (BA2-BA31, 
BBE0#-BBE3#) and cycle definition (BM/IO#, 
BW/R#, BD/C#) is available. It is asserted in BT1 
and BT2P states, and is tri-stated when the 82385 
does not own the bus. 



3.4.4 82385 Bus Ready Input 
(BREADY#) 

82385 local bus cycles are terminated by 
BREADY#, just as 80386 cycles are terminated by 
the 80386 READY# input. In 82385 local bus read 
cycles, BREADY# is gated by BRDYEN# onto the 
80386 local bus, such that it terminates both the 
80386 and 82385 local bus cycles. 



3.5.1 Local Data Strobe (LDSTB), Data 
Output Enable (DOE#), and Bus 
Transmit/Receive (BT/R#) 

These signals control the latching data transceiver. 
BT/R# defines the transceiver direction. When 
high, the transceiver drives the 82385 data bus in 
write cycles. When low, the transceiver drives the 
80386 data bus in 82385 local bus read cycles. 
DOE # enables the transceiver outputs. 

The rising edge of LDSTB latches the 80386 data 
bus in all write cycles. The interaction of this signal 
and the latching transceiver is used to perform the 
82385's posted write capability. 



3.5.2 Bus Address Clock Pulse 
(BACP) and Bus Address 
Output Enable (BAOE # ) 

These signals control the latch that drives BA2- 
BA31, BM/IO#, BW/R#, and BD/C#. In any 80386 
cycle that is forwarded to the 82385 local bus, the 
rising edge of BACP latches the 80386 address and 
cycle definition signals. BAOE# enables the latch 
outputs when the 82385 is the current bus master 
and disables them otherwise. 



3.4.5 82385 Bus Next Address 
Request (BNA#) 

BNA# is the 82385 local bus equivalent to the 
80386 NA# input, and indicates that the system is 
prepared to accept a pipelined address and cycle 
definition. If BNA# is asserted and the new cycle 
information is available, the 82385 begins a pipe- 
lined cycle on the 82385 local bus. 



3.5 82385 BUS DATA TRANSCEIVER 
AND ADDRESS LATCH CONTROL 
SIGNALS 

The 82385 data bus is the system side of a latching 
transceiver (typically an F or AS series 74646), and 
the 82385 address bus and cycle definition signals 
are the outputs of an edge-triggered latch (F or AS 
series 74374). The following is a discussion of the 
82385 outputs that control these devices. An impor- 
tant characteristic of these signals and the devices 
they control is that they ensure that BD0-BD31, 
BA2-BA31, BM/IO#, BD/C#, and BW/R# repro- 
duce the functionality and timing behavior of their 
80386 equivalents. 



3.6 STATUS AND CONTROL 
SIGNALS 



3.6.1 Cache Miss Indication (MiSS#) 

This output accompanies cacheable read and write 
miss cycles. This signal transitions to its active low 
state when the 82385 determines that a cacheable 
80386 access is a miss. Its timing behavior follows 
that of the 82385 local bus cycle definition signals 
(BM/IO#, BD/C#, BW/R#) so that it becomes 
available with BADS# in BT1 or the first BT2P, 
MISS# is floated when the 82385 does not own the 
bus, such that multiple 82385's can share the same 
node in multi-cache systems. (As discussed in Chap- 
ter 7, this signal also serves a reserved function in 
testing the 82385.) 



3.6.2 Write Buffer Status (WBS) 

The latching data transceiver is also known as the 
"posted write buffer." WBS indicates that this buffer 
contains data that has not yet been written to the 
system even though the 80386 may have begun its 
next cycle. It is activated when 80386 data is 
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latched, and deactivated when the corresponding 
82385 local bus write cycle is completed 
(BREADY#). (As discussed in Chapter 7, this signal 
also serves a reserved function in testing the 
82385.) 

WBS can serve several functions. In multi-processor 
applications, it can act as a coherency mechanism 
by informing a bus arbiter that it should let a write 
cycle run on the system bus so that main memory 
has the latest data. If any other 82385 cache sub- 
systems are on the bus, they will monitor the cycle 
via their bus watching mechanisms. Any 82385 that 
detects a snoop hit will invalidate the corresponding 
entry in its local cache. 



3.6.3 Cache Flush (FLUSH) 

When activated, this signal causes the 82385 to 
clear all of its directory tag valid bits, effectively 
flushing the cache. (As discussed in Chapter 7, this 
signal also serves a reserved function in testing the 
82385.) The primary use of the FLUSH input is for 
diagnostics and multi-processor support. The use of 
this pin as a coherency mechanism may impact soft- 
ware transparency. 

The FLUSH input must be held active for at least 4 
CLK (8 CLK2) cycles to complete the flush se- 
quence. If FLUSH is still active after 4 CLK cycles, 
any accesses to the cache will be misses and the 
cache will not be updated (since FLUSH is active). 



3.7 BUS ARBITRATION SIGNALS 
(BHOLD AND BHLDA) 

In master mode, BHOLD is an input that indicates a 
request by a slave device for bus ownership. The 
82385 acknowledges this request via its BHLDA out- 
put. (These signals function identically to the 80386 
HOLD and HLDA signals.) 

The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode. BHOLD is now an output indi- 
cating a request for bus ownership, and BHLDA an 
input indicating that the request has been granted. 



3.8 COHERENCY (BUS WATCHING) 
SUPPORT SIGNALS (SA2-SA31, 
SSTB#, SEN) 

These signals form the 82385's bus watching inter- 
face. The Snoop Address Bus (SA2-SA31) con- 
nects to the system address lines if masters reside 
at both the system and 82385 local bus levels, or 



the 82385 local bus address lines if masters reside 
only at the 82385 local bus level. Snoop Strobe 
(SSTB#) indicates that a valid address is on the 
snoop address inputs. Snoop Enable (SEN) indi- 
cates that the cycle is a write. In a system with mas- 
ters only at the 82385 local bus level, SA2-SA31, 
SSTB#, and SEN can be driven respectively by 
BA2-BA31, BADS#, and BW/R# without any sup- 
port circuitry. 



3.9 CONFIGURATION INPUTS 
(2W/D#, M/S#) 

These signals select the configurations supported 
by the 82385. They are hardware strap options and 
must not be changed dynamically. 2W/D# (2-Way/ 
Direct Mapped Select) selects a two-way set asso- 
ciative cache when tied high, or a direct mapped 
cache when tied low. M/S# (Master/ Slave Select) 
chooses between master mode (M/S# high) and 
slave mode (M/S# low). 



4.0 80386 LOCAL BUS INTERFACE 

The following is a detailed description of how the 
82385 interfaces to the 80386 and to 80386 local 
bus resources. Items specifically addressed are the 
interfaces to the 80386, the cache SRAMs, and the 
80387 Numerics Coprocessor. 

The many timing diagrams in this and the next chap- 
ter provide insight into the dual pipelined bus struc- 
ture of an 80386/82385 system. It's important to re- 
alize, however, that one need not know every possi- 
ble cycle combination to use the 82385. The inter- 
face is simple, and the dual bus operation invisible to 
the 80386 and system. To facilitate discussion of the 
timing diagrams, several conventions have been 
adopted. Refer to Figure 4-2A, and note that 80386 
bus cycles, 80386 bus states, and 82385 bus states 
are identified along the top. All states can be identi- 
fied by the "frame numbers" along the bottom. The 
cycles in Figure 4-2A include a cache read hit 
(CRDH), a cache read miss (CRDM), and a write 
(WT). WT represents any write, cacheable or not. 
When necessary to distinguish cacheable writes, a 
write hit goes by CWTH and a write miss by CWTM. 
Non-cacheable system reads go by SBRD. Also, it is 
assumed that system bus pipelining occurs even 
though the BNA# signal is not shown. When the 
system pipeline begins is a function of the system 
bus controller. 

80386 bus cycles can be tracked by ADS# and 
READYI#, and 82385 cycles by BADS# and 
BREADY#. These four signals are thus a natural 
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choice to help track parallel bus activity. Note in the 
timing diagrams that 80386 cycles are numbered us- 
ing ADS# and READYI#, and 82385 cycles using 
BADS # and BREADY#. For example, when the ad- 
dress of the first 80386 cycle becomes available, the 
corresponding assertion of ADS# is marked "1", 
and the READYI# pulse that terminates the cycle is 
marked "1" as well. Whenever an 80386 cycle is 
forwarded to the system, its number is forwarded as 
well so that the corresponding 82385 bus cycle can 
be tracked by BADS# and BREADY#. 

The "N" value in the timing diagrams is the assumed 
number of main memory wait states inserted in a 
non-pipelined 80386 bus cycle. For example, a non- 
pipelined access to N = 2 memory requires a total of 
four bus states, while a pipelined access requires 
three. (The pipeline advantage effectively hides one 
main memory wait state.) 



4.1 PROCESSOR INTERFACE 

This section presents the 80386/82385 hardware in- 
terface and discusses the interaction and timing of 
this interface. Also addressed is how to decode the 
80386 address bus to generate the 82385 inputs 



LBA#, NCA#, and X1 6 #. (Recall that LBA# allows 
memory and/or I/O space to be set aside for 80386 
local bus resources; NCA # allows system memory 
to be set aside as non-cacheable; and X16# allows 
system memory and/or I/O space to be reserved for 
16-bit resources.) Finally, the 82385's handling of 
16-bit space is discussed. 



4.1.1 Hardware Interface 

Figure 4-1 is a diagram of an 80386/82385 system* 
which can be thought of as three distinct interfaces. 
The first is the 80386/82385 interface (including the 
Ready Logic). The second is the cache interface, as 
depicted by the cache control bus in the upper left 
corner of Figure 4-1 . The third is the 82385 bus inter- 
face, which includes both direct connects and sig- 
nals that control the 74374 address/cycle definition 
latch and 74646 latching data transceiver. (The 
82385 bus interface is the subject of the next chap- 
ter). 

As seen in Figure 4-1, the 80386/82385 interface is 
a straightforward connection. The only necessary 
support logic is that required to sum all ready sourc- 
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4.1.2 Ready Generation 

Note in Figure 4-1 that the ready logic consists of 
two gates. The upper three-input AND gate (shown 
as a negative logic OR) sums all 80386 local bus 
ready sources. One such source is the 82385 
READYO# output, which terminates read hits and 
posted writes. The output of this gate drives the 
80386 READY# input and is monitored by the 
82385 (via READYI#) to track the 80386 bus state. 

When the 82385 forwards an 80386 read cycle to 
the 82385 bus (cache read miss or non-cacheable 
read), it does not directly terminate the cycle via 
READYO#. Instead, the 80386 and 82385 bus cy- 
cles are concurrently terminated by a system ready 



source. This is the purpose of the additional two-in- 
put OR gate (negative logic AND) in Figure 4-1. 
When the 82385 forwards a read to the 82385 bus, it 
asserts BRDYEN# which enables the system ready 
signal (BREADY#) to directly terminate the 80386 
bus cycle. 

Figures 4-2A and 4-2B illustrate the behavior of the 
signals involved in ready generation. Note in cycle 1 
of Figure 4-2A that the 82385 READYO# directly 
terminates the hit cycle. In cycle 2, READYO# is not 
activated. Instead the 82385 BRDYEN# is activated 
in BT2, BT2P, or BT2I states such that BREADY# 
can concurrently terminate the 80386 and 82385 
bus cycles (frame 6). Cycle 3 is a posted write. The 
write data becomes available in T1P (frame 7), and 
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Figure 4-2A. READYO#, BRDYEN#, and NA# (N= 1) 
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the address, data, and cycle definition of the write 
are latched in T2 (frame 8). The 80386 cycle is ter- 
minated by READYO# in frame 8 with no wait 
states. The 82385, however, sees the write cycle 
through to completion on the 82385 bus where it is 
terminated in frame 10 by BREADY#. In this case, 
the BREADY# signal is not gated through to the 
80386. Refer to Figures 4-2A and 4-2B for clarifica- 
tion. 



4.1.3. NA# and 80386 Local Bus 
Pipelining 

Cycle 1 of Figure 4-2A is a typical cache read hit. 
The 80386 address becomes available in T1, and 
the 82385 uses this address to determine if the ref- 
erenced data resides in the cache. The cache look- 
up is completed and the cycle qualified as a hit or 
miss in T1. If the data resides in the cache, the 
cache is directed to drive the 80386 data bus, and 
the 82385 drives its READYO# output so the cycle 
can be terminated at the end of the first T2 with no 
wait states. 



Although cycle 2 starts out like cycle 1 , at the end of 
T1 (frame 3), it is qualified as a miss and forwarded 
to the 82385 bus. The 82385 bus cycle begins one 
state after the 80386 bus cycle, implying a one wait 
state overhead associated with cycle 2 due to the 
look-up. When the 82385 encounters the miss, it im- 
mediately asserts NA#, which puts the 80386 into 
pipelined mode. Once in pipelined mode, the 82385 
is able to qualify an 80386 cycle using the 80386 
pipelined address and control signals. The result is 
that the cache look-up state is hidden in all but the 
first of a contiguous sequence of read misses. This 
is shown in the first two cycles, both read misses, of 
Figure 4-2B. The CPU sees the look-up state in the 
first cycle, but not in the second. In fact, the second 
miss requires a total of only two states, as not only 
does 80386 pipelining hide the look-up state, but 
system pipelining hides one of the main memory 
wait states. (System level pipelining via BNA# is dis- 
cussed in the next chapter.) Several characteristics 
of the 82385's pipelining of the 80386 are as fol- 
lows: 

— The above discussion applies to all system 
reads, not just cache read misses. 
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The 82385 provides the fastest possible switch 
to pipelining, T1-T2-T2P. The exception to this is 
when a system read follows a posted write. In 
this case, the sequence is T1 -T2-T2-T2P. (Refer 
to cycle 4 of Figure 4-2A.) The number of T2 
states is dependent on the number of main 
memory wait states. 

Refer to the read hit in Figure 4-2A (cycle 1), and 
note that NA# is actually asserted before the 
end of T1, before the hit/miss decision is made. 
This is of no consequence since even though 
NA# is sampled active in T2, the activation of 
READYO# in the same T2 renders NA# a 
"don't care." NA# is asserted in this manner to 
meet 80386 timing requirements and to ensure 
the fastest possible switch to pipelined mode. 

All read hits and the majority of writes can be 
serviced by the 82385 with zero wait states in 
non-pipelined mode, and the 82385 accordingly 
attempts to run all such cycles in non-pipelined 
mode. An exception is seen in the hit cycles (cy- 
cles 3 and 4) of Figure 4-2B. The 82385 does not 
know soon enough that cycle 3 is a hit, and thus 
sustains the pipeline. The result is that three se- 
quential hits are required before the 80386 is to- 
tally out of pipelined mode. (The three hits look 
(ike T1P-T2P, T1P-T2, T1-T2.) Note that this 
does not occur if the number of main memory 
wait states is equal to or greater than two. 



As far as the design is concerned, NA# is generally 
tied directly to the 80386 NA# input. However, other 
local NA# sources may be logically "AND"ed with 
the 82385 NA# output if desired. It is essential, 
however, that no device other than the 82385 drive 
the 80386 NA# input unless that device resides on 
the 80386 local bus in space decoded via LBA#. If 
desired, the 82385 NA# output can be ignored and 
the 80386 NA# input tied high. The 80386 NA# in- 
put should never be tied low, which would always 
keep it active. 



4.1.4 LBA#,NCA#,andX16# 
Generation 

The 82385 input signals LBA# and X16# are gener- 
ated by decoding the 80386 address (A2-A31) and 
cycle definition (W/R#, D/C#, M/IO#) lines. The 
82385 samples them at the end of the first state in 
which they become available, which is either T1 or 
the first T2P cycle. The decode configuration and 
timings are illustrated respectively in Figures 4-3A 
and 4-3B. 

The 82385 samples NCA# in T1 P, or the first T2, or 
the second T2P. 
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The following Is a description of the external data 
cache and 82385 cache interface. 



4.1.5 82385 Handling of 16-Bit Space 4.2 CACHE INTERFACE 

As discussed previously, the 82385 does not cache 
devices decoded as 16-bit. Instead it makes provi- 
sion to accommodate 16-bit space as non-cache- 
able via the X16# input. X16# is generated when 
the user decodes the 80386 address and cycle defi- 
nition lines for the BS16# input of the 80386 (Figure 
4-3). The decode output now drives both the 80386 
BS16# input and the 82385 X16# input. Cycles de- 
coded this way are treated as non-cacheable. They 
are forwarded to and executed on the 82385 bus, 
but have no impact on the cache or cache directory. 
The 82385 also monitors the 80386 byte enables in 
a 16-bit cycle to see if an additional cycle is required 
to complete the transfer. Specifically, a second cy- 
cle is required if (BE0# OR BE1 #) AND (BE2# OR 
BE3#) is asserted in the current cycle. The 82385, 
like the 80386, will not allow the two halves of a 16- 
bit transfer to be interrupted by another master. 



There is an important distinction between the han- 
dling of 16-bit space in an 80386 system with an 
82385 as compared to a system without an 82385. 
The 80386 BS16# input need not be asserted until 
the last state of a 16-bit cycle for the 80386 to rec- 
ognize it as such. The 82385, however, needs the 
information earlier, specifically at the end of the first 
80386 bus state (T1 or first T2P) in which the ad- 
dress of the 16-bit cycle becomes available. The re- 
sult is that in a system without an 82385, 16-bit de- 
vices can define themselves as 16-bit devices "on 
the fly," while in a system with an 82385, 16-bit de- 
vices should be located in space set aside for 1 6-bit 
devices via the X16# decode. 



4.2.1 Cache Configurations 

The 82385 controls the cache memory via the con- 
trol signals shown in Figure 4-1 . These signals drive 
one of four possible cache configurations, as depict- 
ed in Figures 4-4A through 4-4D. Figure 4-4A shows 
a direct mapped cache organized as 8K double- 
words. The likely design choice is four 8K x 8 
SRAMs. Figure 4-4B depicts the same cache memo- 
ry but with a data transceiver between the cache 
and 80386 data bus. In this configuration, CT/R# 
controls the transceiver direction, and COEA# 
drives the transceiver output enable. (COEB# could 
also be used.) A data buffer is required if the chosen 
SRAM does not have a separate output enable. Ad- 
ditionally, buffers may be used to ease SRAM timing 
requirements or in a system with a heavily loaded 
data bus. (Guidelines for SRAM selection are includ- 
ed in Chapter 6.) 

Figure 4-4C depicts a two-way set associative cache 
organized as two banks (A and B) of 4K double- 
words each. The likely design choice is sixteen 
4K x 4 SRAMs. Finally, Figure 4-4D depicts the two- 
way organization with data buffers between the 
cache memory and data bus. 
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Figure 4-4A. Direct Mapped Cache without Data Buffers 
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Figure 4-4B. Direct Mapped Cache with Data Buffers 
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Figure 4-4C. Two-Way Set Associative Cache without Data Buffers 
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Figure 4-4D. Two-Way Set Associative Cache with Data Buffers 

4-315 



WeT 



82385 



MWM&QE mw@msiMmm 



4.2.2 Cache Control— Direct Mapped 

Figure 4-5A illustrates the timing of cache read and 
write hits, while Figure 4-5B illustrates cache up- 
dates. In a read hit, the cache output enables are 
driven from the beginning of T2 (cycle 1 of Figure 
4-5A). If at the end of T1 the cycle is qualified as a 
cacheable read, the output enables are asserted on 
the assumption that the cycle will be a hit. (Driving 
the output enables before the actual hit/miss deci- 
sion is made eases SRAM timing requirements.) 

Cycle 1 of Figure 4-5B illustrates what happens 
when the assumption of a hit turns out to be wrong. 



Note that the output enables are asserted at the be- 
ginning of T2, but then disabled at the end of T2. 
Once the output enables are inactive, the 82385 
turns the transceiver around (via CT/R#) and drives 
the write enables to begin the cache update cycle. 
Note in Figure 4-5B that once the 80386 is in pipe- 
lined mode, the output enables need not be driven 
prior to a hit/miss decision, since the decision is 
made earlier via the pipelined address information. 

One consequence of driving the output enables low 
in a miss before the hit/miss decision is made is that 
since the cache starts driving the 80386 data bus, 
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Figure 4-5A. Cache Read and Write Cycles — Direct Mapped (N = 1) 
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the 82385 cannot enable the 74646 transceiver (Fig- 
ure 4-1) until after the cache outputs are disabled. 
(The timing of the 74646 control signals is described 
in the next chapter.) The result is that the 74646 
cannot be enabled soon enough to support N = 
main memory ("N" was defined in section 4.0 as the 
number of non-pipelined main memory wait states). 
This means that memory which can run with zero 
wait states in a non-pipelined cycle should not be 
mapped into cacheable memory. This should not 
present a problem, however, as a main memory sys- 
tem built with N = memory has no need of a cache. 
(The main memory is as fast as the cache,) Zero 
wait state memory can be supported if it is decoded 
as non-cacheable. The 82385 knows that a cycle is 



non-cacheable in time not to drive the cache output 
enables, and can thus enable the 74646 sooner. 

In a write hit, the 82385 only updates the cache 
bytes that are meant to be updated as directed by 
the 80386 byte enables. This prevents corrupting 
cache data in partial doubleword writes. Note in Fig- 
ure 4-5A that the appropriate bytes are selected via 
the cache byte select lines CS0#-CS3#. In a read 
hit, all four select lines are driven as the 80386 will 
simply ignore data it does not need. Also, in a cache 
update (read miss), all four selects are active in or- 
der to update the cache with a complete line (dou- 
bleword). 
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NOTE: 

CRDH = Cache Read Miss 



Figure 4-5B. Cache Update Cycles— Direct Mapped (N = 1) 
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4.2.3 Cache Control— Two- Way Set 
Associative 

Figures 4-6A and 4-6B illustrate the timing of cache 
read hits, write hits, and updates for a two-way set 
associative cache. (Note that the cycle sequences 
are the same as those in Figures 4-5A and 4-5B.) In 
a cache read hit, only one bank or the other is en- 
abled to drive the 80386 data bus, so unlike the con- 
trol of a direct mapped cache, the appropriate cache 
output enable cannot be driven until the outcome of 
the hit/miss decision is known. (This implies stricter 
SRAM timing requirements for a two-way set asso- 
ciative cache.) In write hits and read misses, only 
one bank or the other is updated. 



4.3 80387 INTERFACE 

The 80387 Numerics Coprocessor interfaces to the 
80386 just as it would in a system without an 82385. 
The 80387 READYO# output is logically "AND"ed 
along with all other 80386 local bus ready sources 
(Figure 4-1), and the output is fed to the 80387 
READY #, 82385 READYI#, and 80386 READY # 
inputs. 

The 80386 uniquely addresses the 80387 by driving 
M/IO# low and A31 high. The 82385 decodes this 
internally and treats 80387 accesses in the same 
way it treats 80386 cycles in which LBA# is assert- 
ed, it ignores them. 
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Figure 4-6A. Cache Read and Write Cycles— Two Way Set Associative (N = 1 ) 
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Figure 4-6B. Cache Update Cycles— Two Way Set Associative (N = 1) 



5.0 



82385 LOCAL BUS AND SYSTEM 
INTERFACE 



The 82385 system interface is the 82385 Local Bus, 
which presents an "80386-like" front end to the sys- 
tem. The system ties to it just as it would to an 
80386. Although this 80386-like front end is func- 
tionally equivalent to an 80386, there are timing dif- 
ferences which can easily be accounted for in a sys- 
tem design. 

The following is a description of the interface the 
82385 presents to a system. After presenting the 
82385 bus state machine, the 82385 bus signals are 
described, as are techniques for accommodating 
any differences between the 82385 bus and 80386 
bus. Following this is a discussion of the 82385's 
condition upon reset. 



5.1 THE 82385 BUS STATE MACHINE 



5.1.1 Master Mode 

Figure 5-1 A illustrates the 82385 bus state machine 
when the 82385 is programmed in master mode. 
Note that it is almost identical to the 80386 bus state 
machine, only now the bus states are 82385 bus 
states (BT1P, BTH, etc.) and the state transitions 
are conditioned by 82385 bus inputs (BNA#, 
BHOLD, etc.). Whereas a "pending request" to the 
80386 state machine indicates that the 80386 exe- 
cution or prefetch unit needs bus access, a pending 
request to the 82385 state machine indicates that an 
80386 bus cycle needs to be forwarded to the sys- 
tem (read miss, non-cacheable read, write, etc.). 
The only difference between the state machines is 
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Figure 5-1 A. 82385 Local Bus State Machine— Master Mode 
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Figure 5-1 B. 82385 Local Bus State Machine — Slave Mode 
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that the 82385 does not implement a direct BT1 P- 
BT2P transition. If BNA# is asserted in BT1P, the 
resulting state sequence is BT1 P-BT2I-BT2P. The 
82385's ability to sustain a pipeline is not affected by 
the lack of this state transition. 



5.1.2 Slave Mode 

The 82385's slave mode state machine (Figure 
5-1 B) is similar to the master mode machine except 
that now transitions are conditioned by BHLDA rath- 
er than BHOLD. (Recall that in slave mode, the roles 
of BHOLD and BHLDA are reversed from their mas- 
ter mode roles.) Figure 5-2 clarifies slave mode state 
machine operation. Upon reset, a slave mode 82385 
enters the BTH state. When the 80386 of the slave 
82385 subsystem has a cycle that needs to be for- 
warded to the system, the 82385 moves to BTI and 
issues a hold request via BHOLD. It is important to 
note that a slave mode 82385 does not drive the bus 
in a BTI state. When the master or bus arbiter re- 
turns BHLDA, the slave 82385 enters BT1 and runs 
the cycle. When the cycle is completed, and if no 
additional requests are pending, the 82385 moves 
back to BTH and disables BHOLD. 



If, while a slave 82385 is running a cycle, the master 
or arbiter drops BHLDA (Figure 5-2B), the 82385 will 
complete the current cycle, move to BTH and re- 
move the BHOLD request. If the 82385 still had cy- 
cles to run when it was kicked off the bus, it will 
immediately assert a new BHOLD and move to BTI 
to await bus acknowledgement. Note, however, that 
it will only move to BTI if BHLDA is negated, ensur- 
ing that the handshake sequence is completed. 

There are several cases in which a slave 82385 will 
not immediately release the bus if BHLDA is 
dropped. For example, if BHLDA is dropped during a 
BT2P state, the 82385 has already committed to the 
next system bus pipelined cycle and will execute it 
before releasing the bus. Also, the 82385 will com- 
plete the second half of a two-cycle 16-bit transfer, 
or will complete a sequence of locked cycles before 
releasing the bus. This should not present any prob- 
lems, as a properly designed arbiter will not assume 
that the 82385 has released the bus until it sees 
BHOLD become inactive. 
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A. Normal Slave Mode Sequence 
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B. Sequence of Events if Master or Arbiter Drops BHLDA 



Figure 5-2. BHOLD/BHLDA— Slave Mode 
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5.2 The 82385 Local Bus 

The 82385 bus can be broken up into two groups of 
signals: those which have direct 80386 counterparts, 
and additional status and control signals provided by 
the 82385. The operation and interaction of all 
82385 bus signals are depicted in Figures 5-3A 
through 5-3 L for a wide variety of cycle sequences. 
These diagrams serve as a reference for the 82385 
bus discussion and provide insight into the dual bus 
operation of the 82385. 



5.2.1 82385 Bus Counterparts to 
80386 Signals 

The following sections discuss the signals presented 
on the 82385 local bus which are functional equiva- 
lents to the signals present at the 80386 local bus. 

5.2.1.1 ADDRESS BUS (BA2-BA31) AND 
CYCLE DEFINITION SIGNALS 
(BM/IO#, BD/C#, BW/R#) 

These signals are not driven directly by the 82385, 
but rather are the outputs of the 74374 address/cy- 
cle definition latch. (Refer to Figure 4-1 for the hard- 
ware interface.) This latch is controlled by the 82385 
BACP and BAOE# outputs. The behavior and timing 
of these outputs and the latch they control (typically 
F or AS series TTL) ensure that BA2-BA31, 
BM/IO#, BW/R#, and BD/C# are completely 
compatible in timing and function to their 80386 
counterparts. 

The behavior of BACP can be seen in Figure 5-3B, 
where the rising edge of BACP latches and forwards 
the 80386 address and cycle definition signals in a 
BT1 or first BT2P state. However, the 82385 need 
not be the current bus master to latch the 80386 
address, as evidenced by cycle 4 of Figure 5-3 A. In 
this case, the address is latched in frame 8, but not 
forwarded to the system (via BAOE#) until frame 
10. (The latch and output enable functions of the 
74374 are independent and invisible to one 
another.) 

Note that in frames 2 and 6 of Figure 5-3E, the 
BACP pulses are marked "False." The reason is 
that BACP is issued and the address latched before 
the hit/miss determination is made. This ensures 
that should the cycle be a miss, the 82385 bus can 
move directly into BT1 without delay. In the case of 
a hit, the latched address is simply never qualified by 
the assertion of BADS#. The 82385 bus stays in BTI 
if there is no access pending (new cycle is a hit) and 
no bus activity. It will move to and stay in BT2I if the 
system has requested a pipelined cycle and the 
82385 does not have a pending bus access (new 
cycle is a hit). 



5.2.1.2 DATA BUS (BD0-BD31) 

The 82385 data bus is the system side of the 74646 
latching transbeiver. (See Figure 4-1.) This device is 
controlled by the 82385 outputs LDSTB, DOE#, and 
BT/R#. LDSTB latches data in write cycles, DOE# 
enables the transceiver outputs, and BT/R# con- 
trols the transceiver direction. The interaction of 
these signals and the transceiver is such that BD0- 
BD31 behave just like their 80386 counterparts. The 
transceiver is configured such that data flow in write 
cycles (A to B) is latched, and data flow in read cy- 
cles (B to A) is flow-through. 

Although BD0-BD31 function just like their 80386 
counterparts, there is a timing difference that must 
be accommodated for in a system design. As men- 
tioned above, the transceiver is transparent during 
read cycles, so the transceiver propagation delay 
must be added to the 80386 data setup. In addition, 
the cache SRAM setup must be accommodated for 
in cache read miss cycles. 

For non-cacheable reads the data setup is given by: 



Min BD0-BD31 
Read Data Setup 



80386 Min 
Data Setup 



74646 B-to-A 
Max Propagation 
Delay 



The required BD0-BD31 setup in a cache read miss 
is given by: 



Min BD0-BD31 
Read Data 
Setup 



74646 B-to-A Cache SRAM 

Max Propagation Min Write 

Delay Setup 



One CLK2 
Period 



82385 CWEA# or 
CWEB# Min Delay 



If a data buffer is located between the 80386 data 
bus and the cache SRAMs, then its maximum propa- 
gation delay must be added to the above formula as 
well. A design analysis should be completed for ev- 
ery new design to determine actual margins. 

A design can accommodate the increased data set- 
up by choosing appropriately fast main memory 
DRAMs and data buffers. Alternatively, a designer 
may deal with the longer setup by inserting an extra 
wait state into cache read miss cycles. If an addition- 
al state is to be inserted, the system bus controller 
should sample the 82385 MISS# output to distin- 
guish read misses from cycles that do not require 
the longer setup. Tips on using the 82385 MISS# 
signal are presented later in this chapter. 

The behavior of LDSTB, DOE#, and BT/R# can be 
understood via Figures 5-3A through 5-3L. Note that 
in cycle 1 of Figure 5-3A (a non-cacheable system 
read), DOE# is activated midway through BT1, but 
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in cycle 1 of Figure 5-3B (a cache read miss), DOE* 
is not activated until midway through BT2. As de- 
scribed in the last chapter, the reason is that in a 
cacheable read cycle, the cache SRAMs are en- 
abled to drive the 80386 data bus before the out- 
come of the hit/miss decision (in anticipation of a 
hit). In cycle 1 of Figure 5-3B, the assertion of 
DOE* must be delayed until after the 82385 has 
disabled the cache output buffers. The result is that 
N = main memory should not be mapped into the 
cache. 



5.2.1.3 BYTE ENABLES (BBE0#-BBE3#) 

These outputs are driven directly by the 82385, and 
are completely compatible in timing and function 
with their 80386 counterparts. When an 80386 cycle 
is forwarded to the 82385 bus, the 80386 byte en- 
ables are duplicated on BBE0#-BBE3#. The one 
exception is a cache read miss, during which 
BBE0#-BBE3* are all active regardless of the 
status of the 80386 byte enables. This ensures that 
the cache is updated with a valid 32-bit entry. 



5.2.1.4 ADDRESS STATUS (BADS'*) 

BADS* is identical in function and timing to its 
80386 counterpart. It is asserted in BT1 and BT2P 
states, and indicates that valid address and cycle 
definition (BA2-BA31, BBE0#-BBE3#, BM/IO*, 
BW/R#, BD/C#) information is available on the 
82385 bus. 



5.2.1.5 READY (BREADY*) 

The 82385 BREAPY* input terminates 82385 bus 
cycles just as the 80386 READY* input terminates 
80386 bus cycles. The behavior of BREADY* is the 
same as that of READY*, but note in the A.C. timing 
specifications that a cache read miss requires a 
longer BREADY* setup than do other cycles. This 
must be accommodated for in ready logic design. 

5.2.1.6 NEXT ADDRESS (BNA#) 

BNA* is identical in function and timing to its 80386 
counterpart. Note that in Figures 5-3A through 5-3L, 
BNA* is assumed asserted in every BT1P or first 
BT2 state. Along with the 82385's pipelining of the 
80386, this ensures that the timing diagrams accu- 
rately reflect the full pipelined nature of the dual bus 
structure. 

5.2.1.7 BUS LOCK (BLOCK*) 

The 80386 flags a locked sequence of cycles by as- 
serting LOCK*. During a locked sequence, the 
80386 does not acknowledge hold requests, so the 
sequence executes without interruption by another 
master. The 82385 forces all locked 80386 cycles to 
run on the 82385 bus (unless LBA* is active), re- 
gardless of whether or not the referenced location 
resides in the cache. In addition, a locked sequence 
of 80386 cycles is run as a locked sequence on the 
82385 bus; BLOCK* is asserted and the 82385 
does not allow the sequence to be interrupted. 
Locked writes (hit or miss) and locked read misses 
affect the cache and cache directory just as their 
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unlocked counterparts do. A locked read hit, howev- 
er, is handled differently. The read is necessarily 
forced to run on the 82385 local bus, and as the 
data returns from main memory, it is "re-copied" into 
the cache. (See Figure 5-3L) The directory is not 
changed as it already indicates that this location ex- 
ists in the cache. This activity is invisible to the sys- 
tem and ensures that semaphores are properly han- 
dled. 

BLOCK # is asserted during locked 82385 bus cy- 
cles just as LOCK# is asserted during locked 80386 
cycles. The BLOCK # maximum valid delay, howev- 
er, differs from that of LOCK#, and this must be 
accounted for in any circuitry that makes use of 
BLOCK#. The difference is due to the fact that 
LOCK#, unlike the other 80386 cycle definition sig- 
nals, is not pipelined. The situation is clarified in Fig- 
ure 5-3K. In cycle 2 the state of LOCK# is not 
known before the corresponding system read starts 
(Frames 4 and 5). In this case, LOCK# is asserted 
at the beginning of T1P, and the delay for BLOCK # 
to become active is the delay of LOCK# from the 
80386 plus the propagation delay through the 
82385. This occurs because T1P and the corre- 
sponding BT1 P are concurrent (Frame 5). The result 
is that BLOCK # should not be sampled at the end 
of BT1 P. The first appropriate sampling point is mid- 
way through the next state, as shown in Frame 6. In 
Figure 5-3L, the maximum delay for BLOCK# to be- 
come valid in Frame 4 is the same as the maximum 
delay for LOCK# to become valid from the 80386. 
This is true since the pipelining issue discussed 
above does not occur. 



5.2.2 Additional 82385 Bus Signals 

The 82385 bus provides two status outputs and one 
control input that are unique to cache operation and 



thus have no 80386 counterparts. The outputs are 
MISS#, and WBS, and the input is FLUSH. 

5.2.2.1 CACHE READ/WRITE MISS 
INDICATION (MISS#) 

MISS# can be thought of as an extra 82385 bus 
cycle definition signal similar to BM/IO#, BW/R#, 
and BD/C#, that distinguishes cacheable read and 
write misses from other cycles. MISS#, like the oth- 
er definition signals, becomes valid with BADS# 
(BT1 or first BT2P). The behavior of MISS# is illus- 
trated in Figures 5-3B, 5-3C, and 5-3J. The 82385 
floats MISS# when another master owns the bus, 
allowing multiple 82385s to share the same node in 
multi-cache systems. MISS# should thus be lightly 
pulled up ( ~ 20 K(l) to keep it negated during hold 
(BTH) states. 

MISS# can serve several purposes. As discussed 
previously, the BD0-BD31 and BREADY# setup 
times in a cache read miss are longer than in! other 
cycles. A bus controller can distinguish these cycles 
by gating MISS # with BW/R#. MISS# may also 
prove useful in gathering 82385 system perform- 
ance data. 



5.2.2.2 WRITE BUFFER STATUS (WBS) 

WBS is activated when 80386 write cycle data is 
latched into the 74646 latching transceiver (via 
LDSTB). It is deactivated upon completion of the 
write cycle on the 82385 bus when the 82385 sees 
the BREADY# signal. WBS behavior is illustrated in 
Figures 5-3F through 5-3J, and potential applica- 
tions are discussed in chapter 3. 
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Figure 5-3A. Consecutive SBRD Cycles — (N = 0) 
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Figure 5-3B. Consecutive CRDM Cycles— (N= 1) 
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Figure 5-3C. SBRD, CRDM, SBRD— (N = 2) 
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Figure 5-3D. SBRD Cycles Interleaved with BTH States— (N= 1) 
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Figure 5-3E. Interleaved SBRD/CRDH Cycles— (N= 1) 
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Figure 5-3F. SBRD, WT, SBRD, CRDH— (N = 1) 
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Figure 5-36. Interleaved WT/CRDH Cycles— (N= 1) 
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Figure 5-3H. WT, WT, CRDH— (N= 1) 
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Figure 5-31. WT, WT, SBRD— (N = 1) 
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Figure 5-3J. Consecutive Write Cycles— <N= 1) 
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Figure 5-3K. LOCK#/BLOCK# in Non-Cacheable or Miss Cycles— (N= 1) 
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Figure 5-3L. LOCK#/BLOCK# in Cache Read Hit Cycle— (N= 1) 
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5.2.2.3 CACHE FLUSH (FLUSH) 

FLUSH is an 82385 input which is used to reset all 
tag valid bits within the. cache directory. The FLUSH 
input must be kept active for at least 4 CLK (8 CLK2) 
periods to complete the directory flush. Flush is gen- 
erally used in diagnostics but can also be used in 
applications where snooping cannot guarantee co- 
herency. 



5.3 BUS WATCHING (SNOOP) 
INTERFACE 

The 82385's bus watching interface consists of the 
snoop address (SA2-SA31), snoop strobe 
(SSTB#), and snoop enable (SEN) inputs. If mas- 
ters reside at the system bus level, then the SA2- 
SA31 inputs are connected to the system address 
lines and SEN the system bus memory write com- 
mand. SSTB# indicates that a valid address is pres- 
ent on the system bus. Note that the snoop bus in- 
puts are synchronous, so care must be taken to en- 
sure that they are stable during their sample win- 
dows. If no master resides beyond the 82385 bus 
level, then SA2-SA31, SEN, and SSTB# can re- 
spectively tie directly to BA2-BA31, BW/R#, and 
BADS#. However, it is recommended that SEN be 
driven by the logical "AND" of BW/R# and 
BM/IO# so as to prevent I/O writes from unneces- 
sarily invalidating cache data. 



When the 82385 detects a system write by another 
master, it internally latches SA2-SA31 and runs a 
cache look-up to see if the altered main memory 
location is duplicated in the cache. If yes (a snoop 
hit), the line valid bit associated with that cache en- 
try is cleared. An important feature of the 82385 is 
that even if the 83086 is running zero wait state hits 
out of the cache, all snoops are serviced. This is 
accomplished by time multiplexing the cache direc- 
tory between the 80386 address and latched system 
address. If the SSTB# signal occurs during an 
82385 comparison cycle (for the 80386), the 80386 
cycle has the highest priority in accessing the cache 
directory. This takes the first of the two 80386 
states. The other state is then used for the snoop 
comparison. This worst case example, depicted in 
Figure 5-4, shows the 80386 running zero wait state 
hits on the 80386 local bus, and another master run- 
ning zero wait state writes on the 82385 bus. No 
snoops are missed, and no performance penalty in- 
curred. 



5.4 RESET DEFINITION 

Table 5-1 summarizes the states of all 82385 out- 
puts during reset and initialization. A slave mode 
82385 tri-states its "80386-like" front end. A master 
mode 82385 emits a pulse stream on its BACP out- 
put. As the 80386 address and cycle definition lines 
reach their reset values, this stream wHI latch the 
reset values through to the 82385 bus. 
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Figure 5.4. Interleaved Snoop and 80386 Accesses to the Cache Directory 
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Table 5-1. Pin State During RESET and Initialization 


Output Name 


Signal Level During RESET and Initialization 


Master Mode 


Slave Mode 


NA# 


High 


High 


READY0# 


High 


High 


BRDYEN# 


High 


High 


CALEN 


High 


High 


CWEA#-CWEB# 


High 


High 


CS0#-CS3# 


Low 


Low 


CT/R# 


High 


High 


COEA#-COEB# 


High 


High 


BADS# 


High 


High Z 


BBE0#-BBE3# 


386 BE# 


High Z 


BLOCK # 


High 


High Z 


MISS# 


High 


HighZ 


BACP 


Pulsed) 


Pulse 


BAOE# 


Low 


High 


BT/R# 


Low 


Low 


DOE# 


High 


High 


LDSTB 


Low 


Low 


BHOLD 


— 


Low 


BHLDA 


Low 


— 


WBS 


Low 


Low 



NOTE: 

1. In Master Mode, BAOE# is low and BACP emits a pulse stream during reset. As the 80386 address and cycle definition 
signals reach their reset values, the pulse stream on BACP will latch these values through to the 82385 local bus. 



6.0 82385 SYSTEM DESIGN 
CONSIDERATIONS 



6.1 INTRODUCTION 

This chapter discusses techniques which should be 
implemented in an 82385 system. Because of the 
high frequencies and high performance nature of the 
80386/82385 system, good design and layout tech- 
niques are necessary, It is always recommended to 
perform a complete design analysis on new system 
designs. 



6.2 POWER AND GROUNDING 



6.2.1 Power Connections 

The 82385 utilizes 8 power (Vrjc) and 10 ground 
(Vss) P' ns - A" v cc and Vss pins must be connected 
to their appropriate plane. On a printed circuit board, 
all Vcc Pins must be connected to the power plane 
and all Vss P'ns must be connected to the ground 
plane. 



6.2.2 Power Decoupling 

Although the 82385 itself is generally a "passive" 
device in that it has few output signals, the cache 
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subsystem as a whole is quite active. Therefore, lib- 
eral decoupling capacitance should be placed 
around the 82385 cach& subsystem. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
circuit board traces between the decoupling capaci- 
tors and their respective devices as much as possi- 
ble. Capacitors specifically for PGA packages are 
also commercially available, for the lowest possible 
inductance. 



6.2.3 Resistor Recommendations 

Because of the dual bus structure of the 82385 sub- 
system (80386 Local Bus and 82385 Local Bus), any 
signals which are recommended to be pulled up will 
be respective to one of the busses. The following 
sections will discuss signals for both busses. 



6.2.3.1 80386 LOCAL BUS 

For typical designs, the pullup resistors shown in Ta- 
ble 6-1 are recommended. This table correlates to 
chapter 7 of the 80386 Data Sheet. However, partic- 
ular designs may have a need to differ from the list- 
ed values. Design analysis is recommended to de- 
termine specific requirements. 

6.2.3.2 82385 LOCAL BUS 

Pullup resistor recommendations for the 82385 Lo- 
cal Bus signals are shown in Table 6-2. Design anal- 
ysis is necessary to determine if deviations to the 
typical values given is needed. 

Table 6-1. Recommended Resistor Pullups to 
Vqc (80386 Local Bus) 



Table 6-2. Recommended Resistor Pullups to 
V C c (82385 Local Bus) 



Pin and 
Signal 


Pullup 
Value 


Purpose 


ADS# 
E13 


20 KH ±10% 


Lightly Pull ADS # 
Negated for 80386 
Hold States 


LOCK# 
F13 


20 KH ±10% 


Lightly Pull LOCK# 
Negated for 80386 
Hold States 



Signal and 
Pin 


Pullup 
Value 


Purpose 


BADS# 
N9 


20Kft ±10% 


Lightly Pull BADS # 
Negated for 82385 
Hold States 


BLOCK# 
P9 


20 KH ±10% 


Lightly Pull BLOCK # 
Negated for 82385 
Hold States 


MISS# 
N8 


20Kft ±10% 


Lightly Pull MISS# 
Negated for 82385 
Hold States 



6.3 82385 SIGNAL CONNECTIONS 



6.3.1 Configuration Inputs 

The 82385 configuration signals (M/S#, 2W/D#) 
must be connected (pulled up) to the appropriate 
logic level for the system design. There are also two 
reserved 82385 inputs which must be tied to the ap- 
propriate level. Refer to Table 6-3 for the signals and 
their required logic level. 

Table 6-3. 82385 Configuration 
Inputs Logic Levels 



Pin and 
Signal 


Logic 
Level 


Purpose 


M/S# 
B13 


High 


Master Mode Operation 


Low 


Slave Mode Operation 


2W/D# 
D12 


High 


2- Way Set Associative 


Low 


Direct Mapped 


Reserved 
L14 


High 


Must be tied to Vqc via 
a pull-up for proper 
functionality 


Reserved 
A14 


High 


Must be tied to Vqc via 
a pull-up for proper 
functionality 



NOTE: 

The listed 82385 pins which heed to be tied high should 
use a pull-up resistor in the range of 5 KH to 20 Kfl. 
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6.3.2 CLK2 and RESET 

The 82385 has two inputs to which the 80386 CLK2 
signal must be connected. One is labeled CLK2 
(82385 pin C13) and the other is labeled BCLK2 
(82385 pin L1 3). These two inputs must be tied to- 
gether on the printed circuit board. 

The 82385 also has two reset inputs. RESET (82385 
pin D13) and BRESET (82385 pin K12) must be con- 
nected on the printed circuit board. 



6.5.1 Cache Memory without 
Transceivers 

As discussed in section 3.2, the 82385 presents all 
of the control signals necessary to access the cache 
memory. The SRAM chip selects, write enables, and 
output enables are driven directly by the 82385. Ta- 
ble 6-4 lists the required SRAM specifications. 
These specifications allow for zero margin. They 
should be used as guides for the actual system de- 
sign. 



6.4 UNUSED PIN REQUIREMENTS 

For reliable operation, ALWAYS connect unused in- 
puts to a valid logic level. As is the case with most 
other CMOS processes, a floating input will increase 
the current consumption of the component and give 
an indeterminate state to the component. 



6.5 CACHE SRAM REQUIREMENTS 

The 82385 offers the option of using SRAMs with or 
without an output enable pin. This is possible by in- 
serting a transceiver between the SRAMs and the 
80386 local data bus. This transceiver may also be 
desirable in a system which has a very heavily load- 
ed 80386 local data f)us. The following sections dis- 
cuss the SRAM requirements for all cache configu- 
rations. 



6.5.2 Cache Memory With 
Transceivers 

To implement an 82385 subsystem using cache 
memory transceivers, it is necessary to create an 
output enable signal for the transceiver. In a 2-way 
set associative organization this signal is the logical 
W AND" of COEA# and CWEA# for bank A and the 
"AND" of COEB# and CWEB# for bank B. A direct 
mapped cache needs to only use the equation of 
one bank (A or B). All other cache control signals 
are driven directly by the 82385. Table 6-5 lists the 
required SRAM specifications. These specifications 
allow for zero margin. They should be used as 
guides for the actual system design. 



Table 6-4. SRAM Specs for Non-Buffered Cache Memory 




SRAM Spec Requirements 




Direct Mapped 


2- Way Set Associative 




16 MHz 20 MHz 


16 MHz 


20 MHz 


Read Cycle Requirements 








Address Access (MAX) 


64 ns 44 ns 


62 ns 


42ns 


Chip Select Access (MAX) 


76 56 


76 


56 


OE# to Data Valid (MAX) 


25 19 


19 


14 


OE# to Data Float (MAX) 


20 20 


20 


20 


Write Cycle Requirements 








Chip Select to End of Write (MIN) 


40 30 


40 


30 


Address Valid to End of Write (MIN) 


58 42 


56 


40 


Write Pulse Width (MIN) 


40 30 


40 


30 


Data Setup (MAX) 


— ~ 


v — , ' ' 


/•'—.'. 


Data Hold (MIN) 


4 A 


4 ■ 


4 
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Table 6-5. SRAM Specs for Buffered Cache Memory 



SRAM Spec Requirements 




Direct Mapped 


2- Way Set Associative 




16 MHz 20 MHz 


16 MHz 20 MHz 


Read Cycle Requirements 




,.■..'. ',, . ■ ■'■■.' 


Address Access (MAX) 


57ns 37 ns 


55 ns 35 ns 


Chip Select Access (MAX) 


68 48 


68 48 


OE # to Data Valid (MAX) 


N/A N/A 


N/A N/A 


OE# to Data Float (MAX) 


N/A N/A 


N/A N/A 


Write Cycle Requirements 






Chip Select to End of Write (M1N) 


40 30 


40 30 


Address Valid to End of Write (MIN) 


58 42 


56 40 


Write Pulse Width (MIN) 


40 30 


40 30 


Data Setup (MAX) 


25 15 


25 15 


Data Hold (MIN) 


3 3 


3 3 



7.0 SYSTEM TEST CONSIDERATIONS 7.3 82385 CACHE MEMORY TESTING 



7.1 INTRODUCTION 

Power On Self Testing (POST) is performed by most 
systems after a reset. This chapter discusses the 
requirements for properly testing an 82385 based 
system after power up. 



7.2 MAIN MEMORY (DRAM) TESTING 

Most systems perform a memory test by writing a 
data pattern and then reading and comparing the 
data. This test may also be used to determine the 
total available memory within the system. Without 
properly taking into account the 82385 cache mem- 
ory, the memory test can give erroneous results. 
This will occur if the cache responds with read hits 
during the memory test routine. 



7.2.1 Memory Testing Routine 

In order to properly test main memory, the test rou- 
tine must not read from the same block consecutive- 
ly. For instance, if the test routine writes a data pat- 
tern to the first 32 kbytes of memory (0000 -7FFFH), 
read from the same block, writes a new pattern to 
the same locations (000Q-7FFFH), and read the 
new pattern, the second pattern tested would have 
had data returned from the 82385 cache memory. 
Therefore, it is recommended that the test routine 
work with a memory block of at least 64 kbytes. This 
will guarantee that no 32 kbyte block will be read 
twice consecutively. 



With the addition of SRAMs for the cache memory, it 
may be desirable for the system to be able to test 
the cache SRAMs during system diagnostics. This 
requires the test routine to access only the cache 
memory. The requirements for this routine are based 
on where it resides within the memory map. This can 
be broken into two areas: the routine residing in 
cacheable memory space or the routine residing in 
either non-cacheable memory or on the 80386 local 
bus (using the LBA# input). 



7.3.1 Test Routine in the NCA# or 
LBA# Memory Map 



In this configuration, the test routine will never be 
cached. The recommended method is code which 
will access a single 32 kbyte block during the test 
initially, a 32 kbyte read (assume 0000-7FFFH) must 
be executed. This will fill the cache directory with the 
address information which will be used in the diag- 
nostic procedure. Then, a 32 kbyte write to the same 
address locations (0000- 7FFFH) wijl load the cache 
with the desired test pattern (due to write hits). The 
comparison can be made by completing another 
32 kbyte read (same locations, 0000 -7FFFH), 
which will be cache read hits. Subsequent writes and 
reads to the same addresses will enable various pat- 
terns to be tested. 
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7.3.2 Test Routine in Cacheable 
Memory 

In this case, it must be understood that the diagnos- 
tic routine must reside in the cache memory before 
the actual data testing can begin. Otherwise, when 
the 80386 performs a code fetch, a location within 
the cache memory which is to be tested will be al- 
tered due to the read miss (code fetch) update. 

The first task is to load the diagnostic routine into 
the top of the cache memory. It must be known how 
much memory is required for the code as the rest of 
the cache memory will be tested as in the earlier 
method. Once the diagnostics have been cached 
(via read updates), the code will perform the same 
type of read/write/read/compare as in the routine 
explained in the previous section. The difference is 
that now the amount of cache memory to be tested 
is 32 kbytes minus the length of the test routine. 



7.4 82385 CACHE DIRECTORY 
TESTING 

Since the 82385 does not directly access the data 
bus, it is not possible to easily complete a compari- 
son of the cache directory. However, the cache 
memory tests described in section 7.3 will indicate if 
the directory is working properly. Otherwise, the data 
comparison within the diagnostics will show loca- 
tions which fail. 

There is a slight possibility that the cache memory 
comparison could pass even if locations within the 
directory gave false hit/miss results. This could 
cause the comparison to always be performed to 
main memory instead of the cache and give a proper 
comparison to the 80386. The solution here is to use 
the MISS# output of the 82385 as an indicator to a 
diagnostic port which can be read by the 80386. It 
could also be used to flag an interrupt if a failure 
occurs. 

The implementation of these techniques in the diag- 
nostics will guarantee the proper functionality of the 
82385 subsystem. 



7.5 SPECIAL FUNCTION PINS 

As mentioned in chapter 3, there are three 82385 
pins which have reserved functions in addition to 
their normal operational functions. These pins are 
MISS#,WBS, and FLUSH. 

As discussed previously, the 82385 performs a di- 
rectory flush when the FLUSH input is held active for 
at least 4 CLK (8 CLK2) cycles. However, the 
FLUSH pin also serves as a diagnostic input to the 
82385. The 82385 will enter a reserved mode if the 
FLUSH pin is high at the falling edge of RESET. 

If, during normal operation, the FLUSH input is ac- 
tive for only one CLK (2 CLK2) cycle/s, the 82385 
will enter another reserved mode. Therefore it must 
be guaranteed that FLUSH is active for at least the 4 
CLK (8 CLK2) cycle specification. 

WBS and MISS# serve as outputs in the 82385 re- 
served modes. 



8.0 MECHANICAL DATA 



8.1 INTRODUCTION 

This chapter discusses the physical package and its 
connections in detail. 



8.2 PIN ASSIGNMENT 

The 82385 pinout as viewed from the top side of the 
component is shown by Figure 8-1. Its pinout as 
viewed from the Pin side of the component is shown 
in Figure 8-2. 

Vcc and Vss connections must be made to multiple 
Vcc and Vss (GND) pins. Each Vcc and Vss m ust 
be connected to the appropriate voltage level. The 
circuit board should include Vcc and GND planes for 
power distribution and all Vcc and Vss P* n s must be 
connected to the appropriate plane. 



4-337 



infer 



82385 



ABWANkSB OKilFORifiMini^N 



1 


P 


N 


M 


L 


K 


J 


H 


G 


F 


E 


D 


C 


B A 




o 

vcc 


o 

vss 


o 

vcc 


o 

A27 


o 

A24 


o 

A22 


o 

A19 


o 

A18 


o 

A15 


o 

A12 


o 

A9 


o 

vcc 


\ 

o o 

VSS A6 




2 


o 

vss 


o 

vss 




A31 


6 

A29 


o 

A25 


o 

A23 


o 

A21 


o 

A17 


O 

A14 


o 

■AIL 


o 

A8 


o 

A7 


o o 

A3 SA2 




3 


o 

vcc 


o 

NA# 


o 

READY0# 


o 

A30 


o 

A28 




A26 


o 

A20 


o 

A16 


o 

A13 


o 

A10 


o 

A5 


o 

A4 


o o 

A2 SA3 




4 


o 

vss 


o 

CALEN 


O 

LDSTB 




















SA4 


o o 

SA5 SA7 




5 


o 

CS3# 


o 

CT/R# 




cso# 


















o 

SA6 


o o 

SA10 SA9 




6 


o 

CWEB# 


o 

CS2# 


o 

CS1# 


















o 

SA8 


o o 

SA11 SA13 




7 


o 

COEA# 


o 

CWEA# 


o 

COEB# 
















> 


o 

SA12 


o o 

SA15 SA14 




8 




BR0YEN# 


o 

MISS# 


o 

WBS 


















o 

SA18 


o o 

SA16 SA17 




9 


o 

BLOCK# 


o 

BADS# 


o 

BA0E# 


















o 

SA22 


o o 

SA19 SA20 




10 


o 

BACP 


o 

BT/R# 


o 

DOE# 


















o 

SA25 


o 

SA24 SA21 




11 


o 

vcc 


o 

BHOLD 


o 

BHLDA 


















o 

SA27 


o o 

SA26 SA23 




12 


o 

vss 


o 

BBE1# 


o 

BBE0# 


O 

BBE2# 


o 

BRESET 


o 

SEN 


o 

BE2# 


o 

NCA# 


o 

D/C# 


o 

FLUSH 


o 

2W/D# 


o 

SA3! 


o o 

SA29 SA28 




13 


6 

vcc 


o 

vcc 


o 

BBE3# 


o 

BCLK2 


o 

BREADY# 


o 

SSTB# 


o 

BE1# 


o 

XI 6# 


o 

L0CK# 


o 

ADS# 


o 

RESET 


o 

CLK2 


CO 

M/S# SA30 




14 


o 

VSS 


O 

VSS 


o o 

VSS RESERVED 


o 

> BNA# 


o 

BE3# 


o 

LBA# 


o 

BE0# 


o 

W/R# 


o 

M/tO# 


o 

READY1# 


o 

vcc 


o o 

VSS RESERVED 




























290143-42 





Figure 8-1. 82385 PGA Pinout— View from TOP Side 
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Figure 8-2. 82385 PGA Pinout— View from PIN Side 
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Table 8-1. 82385 PGA Pinout— Functional Grouping 






Pin/Signal 


Pin/Signal 


Pin/Signal 


Pin/Signal 


M2 


A31 


C12 


SA31 \ 


C1 v cc 


B1 


v ss 


L3 


A30 


A13 


SA30 


C14 V CC 


B14 


v ss 


L2 


A29 


B12 


SA29 


M1 V C c 


M14 


Vss 


K3 


A28 


A12 


SA28 


N13 V C C 


N1 


Vss 


L1 


A27 


C11 


SA27 


P1 v cc 


N2 


v ss 


J3 


A26 


B11 


SA26 


P3 V C c 


N14 


v ss 


K2 


A25 


C10 


SA25 


P11 V C c 


P2 


Vss 


K1 


A24 


B10 


SA24 


P13- V C c 


P4 


v ss 


J2 


A23 


A11 


SA23 


E13 ADS# 


P12 


v ss 


J1 


A22 


C9 


SA22 




P14 


v ss 


H2 


A21 


A10 


SA21 


F14 W/R# 






H3 


A20 


A9 


SA20 
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N9 


BADS# 


H1 
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B9 
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B7 
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P9 
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A7 
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G13 X16# 
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C7 
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E2 


A11 


B6 


SA11 


D14 READYI# 


N4 


CALEN 


E3 


A10 


B5 


SA10 


M3 READYO# 


P7 


COEA# 


D1 
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B4 


SA5 
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B3 
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N5 
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P8 
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M9 
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BRESET 
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8.3 PACKAGE DIMENSIONS AND 
MOUNTING 

The 82385 package is a 132-pin ceramic Pin Grid 
Array (PGA). The pins are arranged 0.100 inch (2.54 
mm) center-to-center, in a 14 x 14 matrix, three rows 
around (Figure 8-3). 

A wide variety of available sockets allow low inser- 
tion force or zero insertion force mounting. These 
come in a choice of terminals such as soldertail, sur- 
face mount, or wire wrap. 



8.4 PACKAGE THERMAL 
SPECIFICATION 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 8-4. The case temperature may be measured 
in any environment to determine whether or not the 
82385 is within the specified operating range. 
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Figure 8-3. 132-Pin PGA Package Dimensions 
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. MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 




132 -PIN PGA 
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Figure 8-4. Measuring 82385 PGA Case temperature 
Table 8-2. 82385 PGA Package Typical Thermal Characteristics. 



Thermal Resistance— vC/Watt , 


Parameter 


Airflow— f 3 /min (m 3 /sec 


" 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


Junction-to-Case 
(Case Measured 
as Figure 8.4) 


2 


2 


2 


2 


2 


2 


2 


$ Case-to-Ambient 
(No Heatsink) 


19 


18 


17 


15 


12 


10 


9 


Case-to-Ambient 
(with Omnidirectional 
Heatsink) 


16 


15 


14 


12 


9 


7 


6 


6 Case*to-Ambient 
(with Unidirectional 
Heatsink) 


15 


14 


13 


11 


8 


6 


5 



NOTES: 

1 . Table 8-2 applies to 82385 PGA plugged into socket or soldered directly onto board. 

2. 0ja = 0JC + 0CA- 

3. 0j-cap = 4°C/W (approx.) 

0J-PIN = 4°C/W (inner pins) (approx.) 
0j-pin = 8°C/W (outer pins) (approx.) 
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9.0 ELECTRICAL DATA 



9.1 INTRODUCTION 

This chapter presents the A.C. and D.C. specifica- 
tions for the 82385. 



9.2 MAXIMUM RATINGS 

Storage Temperature . . -65°C to + 1 50°C 

Case Temperature Under Bias ... - 65°C to + 1 1 0°C 
Supply Voltage with Respect 

to V S s • • • • -0.5V to + 6.5V 

Voltage on any other Pin -0.5V to V<x + 0.5V 



NOTE: 

Stress above those listed may cause permanent 
damage to the device. This is a stress rating only 
and functional operation at these or any other con- 
ditions above those listed in the operational sec- 
tions of this specification is not implied. 

Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
Although the 82385 contains protective circuitry to 
resist damage from static electrical discharges, al- 
ways take precautions against high static voltages 
or electric fields. 



9.3 D.C. 



SPECIFICATIONS T C ase = 0°Cto +85°C;V C c = 5V ±5%; V S s 
Table 9-1. D.C. Specifications (16 MHz and 20 MHz) 



ov 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V| H 


Input High Voltage 


2.0 


V C C + 0.3 


V 




V C L 


CLK2, BCLK2 Input Low 


-0.3 


0.8 


V 


(Notel) 


V C H 


CLK2, BCLK2 Input High 


V C c " 0.8 


V CC + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol - 4 mA 


VOH 


Output High Voltage 


2.4 




V 


Iqh = -1 mA 


•cc 


Power Supply Current 




275 


mA 


(Note 2) 


Ili 


Input Leakage Current 




±15 


julA 


0V<V| N <;Vcc 


Ilo 


Output Leakage Current 




±15 


jLtA 


0.45 < Vqut < V C C 


C|N 


Input Capacitance 




10 


PF 


(Note 3) 


C CLK 


CLK2 Input Capacitance 




20 


PF 


(Note 3) 



NOTES: 

1. Minimum value is not 100% tested. 

2. Ice is specified with inputs driven to CMOS levels. Ice may be higher if driven to TTL levels. 

3. Sampled only. 



4-343 



iny 



82385 



AHmKKSH OMF©G5lM¥fl©IM 



9.3 D.C. SPECIFICATIONS Tcase = 0°Cto +85°C;V C c = 5V ±5%; V S s = OV (Continued) 

Table 9-2. D.C. Specifications (25 MHz) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V, L 


Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V|H 


Input High Voltage 


2.0 


V C C + 0.3 


V 




VlLC 


CLK2, BCLK2 Input Low Voltage 


-0.3 


0.8 


V 


(Note 1) 


V|HC 


CLK2, BCLK2 Input High Voltage 


3.7 


V CC + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


v 




Voh 


Output High Voltage 


2.4 




V 




Ili 


Input Leakage Current 




±15 


JLtA 


0V < V, N < V CC 


«lo 


Output Leakage Current 




±15 


juA 


0.45 < Vqut < V C C 


ice 


Supply Current 




300 


mA 


(Note 2) 


c, 


Input Capacitance 




10 


pF 


(Note 3) 


CCLK 


CLK2 Input Capacitance 




20 


pF 


(Note 3) 



NOTES: 

1. Minimum value is not 100% tested. 

2. Ice is specified with inputs driven to CMOS levels. Ice m av be higher if driven to TTL levels. 

3. Not 100% tested. Test conditions /fc = 1 MHz, Inputs = 0V, Tcase = room. 



9.4 A.C. SPECIFICATIONS 

The A.C. specifications given in the following tables 
consist of output delays and input setup require- 
ments. The A.C. diagram's purpose is to illustrate 
the clock edges from which the timing parameters 
are measured, The reader should not infer any other 
timing relationships from them. For specific informa- 
tion on timing relationships between signals, refer to 
the appropriate functional section. 

A.C. spec measurement is defined in Figure 9-1. In- 
puts must be driven to the levels shown when A.C. 
specifications are measured. 82385 output delays 



are specified with minimum and maximum limits, 
which are measured as shown. 82385 input setup 
and hold times are specified as minimums and de- 
fine the smallest acceptable sampling window. With- 
in the sampling window, a synchronous input signal 
must be stable for correct 82385 operation. 



9.4.1 Frequency Dependent Signals 

The 82385 has signals whose output valid delays 
are dependent on the clock frequency. These sig- 
nals are marked in the A.C. Specification Tables with 
a Note 1. 
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CLK2 



l_z/-^_z/-^_/ 



3.0V « 



—B-H 



0V • 



VALID 
OUTPUT n 



1.5V 



MIN 



MAX 




— C — 



1 - 5V OUTPUT n*1 N0TE1 



-D— * 



« ss ■" 



S 



NOTE 2 



LEGEND: 

A— Maximum output delay specification 
B— Minimum output delay specification 
C— Minimum input setup specification 
B — Minimum input hold specification 

NOTES: 

1. Under rated loading 82385 output (t r and tf) is typically ^ 4.0 ns from 0.8V to 2.0V. 

2. Input waveforms have t r ^ 2.0 ns from 0.8V to 2.0V. 



Figure 9-1. Drive Levels and Measurement Points for A.C. Specification 

A.C. SPECIFICATION TABLES 

Functional Operating Range: Vcc = 5V ±5%; Tcase = °°C to +85°C 

Table 9-3. A.C. Specifications 



Symbol 


Parameter 


82385-16 


82385-20 


Units 


Notes 


Min 


Max 


Min 


Max 


t1 


Operating Frequency 


12 


16 


12 


20 


MHz 




t2 


CLK2 Period 


31.25 


41.67 


25 


41.67 


ns 




t3 


CLK2 High time 


9 




8 




ns 




t4 


CLK2 Low Time , 


9 




8 




ns 




t5 


CLK2 Fall Time 




8 




8 


ns 




t6 


CLK2 Rise Time 




8 




8 


ns 




t7 


A(2-31), BE(0-3)#, 
Lock Setup Time 


25 




19 




ns 


(Notel) 


t8 


A(2-31),BE(0-3)#, 
Lock Hold Time 


3 




3 




ns 




t9 


W/R#,M/lO#,D/C#, 
ADS# Setup Time 


28 




21 




ns 


(Note 1) 


t10 


W/R#, M/IO#,D/C#, 
ADS # Hold Time 


5 




5 




ns 
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A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: Vqc = 5V ±5%; Tcase 



0°Cto +85°C 
Table 9-3. A.C. Specif ications (Continued) 



Symbol 


Parameter 


82385-16 


82385-20 


Units 


, Notes 


Min 


Max 


Min 


Max 


t11 


READYI# Setup 


21 




12 




ns 


(Notel) 


t12 


READYI# Hold 


4 




4 




ns 




t13 


LBA # , NCA # ,. X1 6 # Setup Time 


16 




10 




ns 




t14 


LBA # , NCA # , X1 6 # Hold Time 


4 




4 




ns 




t15 


RESET, BRESET Setup 


13 




12 




ns 




t16 


RESET, BRESET Hold 


4 




4 




ns 




t17 


NA# Delay 


15 


42 


15 


34 


ns 


(Note1)C L = 25pF 


t18 


READYO# Delay 


4 


31 


4 


28 


ns 


(Note1)C L = 25 pF 


t19 


BRDYEN# Delay 


4 


31 


4 


28 


ns 


C L = 40 pF 


t21a 


CALEN Delay 


3 


25 


3 


19 


ns 


(Note 2) C L = 40 pF 


t21b 


CALEN Rising Delay 


3 


38 


3 


33 


ns 


(Notes 1,3) 


t22a 


CWEA#,CWEB# Delay 


14 


31 


12 


25 


ns 


(Notes1,4)C L = 75 pF 


t22b 


CWEA#, CWEB# Pulse Width 


40 




30 




ns 


(Notes 1,5) 


t23 


CS(0-3)# Delay 


14 


38 


12 


33 


ns 


(Notes1,6)C L = 50 pF 


t24 


CT/R# Delay 


14 


38 


12 


33 


ns 


(Notes1,7)C L = 75 pF 


t25a 


COEA#, COEB#, Falling Delay 


1 


24 


1 


18 


ns 


(Note 8) C L = 75 pF 


t25b 


COEA#, COEB#, Falling Delay 


1 


30 


1 


23 


ns 


(Notes 1,9) 


t25c 


COEA#, COEB#, Rising Delay 


5 


19 


5 


15 


ns 


(Note 10) 


t26 


CS(0-3) # Active to CWEA # , 
CWEB# Rising 


40 




30 




ns 


(Notes 1,5) 


t27 


CWEA#,CWEB# Falling 
to CS(0-3) # Falling Delay 












ns 




t28 


CWEA #,CWEB# Rising to 
CALEN Rising and CS(0-3)# 
Falling Delay 












ns 


./ 


t31 


SA(2-31) Setup 


25 




19 




ns 




t32 


SA(2-31)Hold 


3 




3 




ns 




t33 


BADS# Valid Delay 


6 


33 


6 


28 


. ns 


(Note1)C L = 75 pF 


t34 


BADS# Float Delay 


6 


35 


6 


30 


ns 




t55 


BLOCK #, BBE(0-3)# Valid Delay 


4 


36 


4 


30 


ns 


(Note1)C L = 75 pF 


t56 


MISS # Valid Delay 


4 


43 


4 


35 


ns 


(Note1)C L = 75 pF 


t57 


MISS#, BBE(0-3)#, BLOCK# 
Float Delay 


4 


40 


4 


32 


ns 




t58 


WBS Delay 


4 


36 


4 


30 


ns 


(Note1)C L = 75 pF 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tcase = 0°C to +85°C 





Table 9-3. A.C. Specifications (Continued) 






Symbol 


Parameter 


82385-16 


82385-20 


Units 


Notes 


Min 


Max 


Min 


Max 


t35 


BNA# Setup 


11 




9 




ns 




t36 


BNA# Hold 


15 




15 




ns 




t37a 


BREADY# Setup 


31 




26 




ns 


(Notes 1,11) 


t37b 


BREADY# Setup 


21 




12 




ns 


(Note 12) 


t38 


BREADY#Hold 


4 




4 




ns 




t40 


BACP Delay 


4 


23 


4 


18 


ns 


C L = 60 pF 


t41 


BAOE# Delay 


4 


23 


4 


18 


ns 




t43a 


BT/R#, DOE # Delay 


2 


25 


2 


17 


ns 


C L = 50 pF 


t43b 


DOE# Rising Delay 


4 


21 


4 


17 


ns 




t43c 


LDSTB Delay 


2 


33 


2 


26 


ns 


C L = 50 pF 


t44 


SEN, SSTB# Setup 


15 




11 




ns 




t45 


SEN, SSTB# Hold 


5 




5 




ns 




t46 


BHOLD Setup 


26 




17 




ns 


(Note 13) 


t47 


BHOLD Hold 


5 




5 




ns 


(Note 13) 


t48 


BHLDA Delay 


6 


33 


5 


28 


ns 


(Notei3)C L = 


75 pF 


t49 


BHLDA Setup 


20 




17 




ns 


(Note 14) 


t50 


BHLDA Hold 


5 




5 




ns 


(Note 14) 


t51 


BHOLD Delay 


6 


33 


6 


28 


ns 


(Note14)C L = 


75 pF 


t59 


FLUSH Setup 


21 




16 




ns 




t60 


FLUSH Hold 


5 




5 




ns 




t61 


FLUSH Setup to RESET Low 


31 




26 




ns 




*62 


FLUSH Hold from RESET Low 


31 




26 




ns 





NOTES: 

1 . Frequency dependent specif ications. 

2. All cycles except cache write hit. CALEN triggers by PHI2 in TIP state. 

3. The end of cache write hit cycles. Triggered by PH1 1. 

4. CWE# transitions by PHl1 in cache write hit cycles. CWE# transitions by PHI2 in cache read miss cycles. 

5. Used for cache data memory (SRAM) specifications. 

6. In cache write hit cycles, CS(0-3)# transition high by PHI2 and low by PHM. In cache read miss cycles, CS(0-3)# 
transition high by PH1 1 and low by PHI2. 

7. In cache write hit cycles, CT/R# transitions low by PHI2. In cache read hit cycles, CT/R# goes high by PHI2. In cache 
read miss cycles, CT/R# goes low by PHM. 

8. Direct mapped configuration. 

9. Two way set associative configuration. 

10. COE# switches high by PHI1 at the end of a cache read hit cycle. 

1 1 . Cache read miss cycles. 

1 2. Non-cacheable read cycles and system write cycles. 

13. Master mode configuration. BHOLD is an input and BHLDA is an output. 

14. Slave mode configuration. BHOLD is an output and BHLDA is an input. 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vqc = 5V ±5%; Tqase = 0°C to + 8£ C 

All outputs tested specified at 50 pF load unless otherwise noted. 

Table 9-4. A.C. Specif ications 



Symbol 


Parameter 


82385-25 


Units 


Notes 


Min 


Max 


t1 


Operating Frequency 


1.5.4 


25 


MHz 




\2 


CLK2 Period 


20 


32.5 


ns 




t3a 

t3b 

t4a 

t4b 

t5 

t6 


CLK2 High Time 
CLK2 High Time 
CLK2 Low Time 
CLK2 Low Time 
CLK2 Fall Time 
CLK2 Rise Time 


7 
4 
7 
5 


7 
7 


ns 
ns 
ns 
ns 
ns 
ns 


(2.0V Threshold) 
(3.7V Measurement) 
(2.0V Threshold) 
(0.8V Measurement) 
(3.7V to 0.8V) 
(0.8V to 3.7V) 


t7a 
t7b 
t7c 
t7d 
t8 


A2-A19, A21-A31 Setup Time 

LOCK # Setup Time 

BE0-BE3# Setup Time 

A20 Setup Time 

A2-A31, BE0#-BE3#, LOCK# Hold 


14 
17 
14 
13 
3 




ns 
ns 
ns 
ns 
ns 


(Notes 1,15) 
(Notes 1,15) 
(Notes 1,15) 
(Notes 1,15) 


t9a 
t9b 
t10 


M/IO#, D/C#, Setup Time 
ADS #, W/R# Setup Time 
W/R#, M/IO#, D/C#, ADS# Hold 


17 
17 
3 




ns 
ns 
ns 


(Notes 1,15) 
(Notes 1,15) 


t11 
t12 


READYI# Setup Time 
READYI^ Hold Time 


9 
4 




ns 
ns 


(Nptel) 


t13a 
t13b 
t14 


NCA# Setup Time 
LBA#, X1 6 # Setup Time 
LBA#, NCA#, X16# Hold Time 


15 
7 
3 




ns 
ns 
ns 


(Notes 15, 19) 


t15 
t16 


RESET, BRESET Setup Time 
RESET, BRESET Hold Time 


10 
3 




ns 
ns 




t17 
t18 
t19 


NA# Valid Delay 
READYO# Valid Delay 
BRDYEN# Valid Delay 


4 
4 
4 


27 
21 
21 


ns 
ns 
ns 


(25 pF Load) (Note 1) 
(25 pF Load) (Note 1) 


t21a 

t21b 

t22a 

t22b 

t22c 

t23 

t24 


CALEN Valid Delay 
CALEN Valid Delay 
CWEA#, CWEB# Valid Delay 
CWEA#, CWEB# Pulse Width 
CWEA # , CWEB # Rising Delay 
CSO # -CS3 # Valid Delay 
CT/R# Valid Delay 


4 
4 
4 

25 
8 
9 
9 


21 
26 
23 

21 
29 
30 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


(Note 2) 
(Notes 1,3) 
(Notes 1,4) 
(Notes 1,5) 
(Notes 1,4) 
(Notes 1,6) 
(Notes 1,7) 


t25a 
t25b 
t25c 


COEA#, COEB# Valid Delay 
COEA#, COEB# Valid Delay 
COEA#, COEB# Rising Delay 


4 
4 
4 


18 
18 
18 


ns 
ns 
ns 


(25 pF Load) (Note 8) 
(25 pF Load) (Notes 1,9) 
(25 pF Load) (Notes 10, 16) 


t26 
t27 


CSO # -CS3 # to CWE # Delay 
CWE# toCS0#-CS3# Delay 


25 





ns 
ns 


(Notes 1,5) 


t28a 
t28a 


CWE# to CALEN 
CWE#toCS# 








ns 
ns 




t31 
t32 


SA2-SA31 Setup Time 
SA2-SA31 Hold Time 


10 
3 




ns 
ns 




t33 
t34 


BADS # Valid Delay 
BADS # Float Delay 


4 
4 


21 
30 


ns 
ns 


(Notet) 


t35 
t36 


BN A # Setup Time 
BNA# Hold Time 


7 
3 




ns 
ns 
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A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ±5%; Tqase = °°C to + 85°C 

All outputs tested specified at a 50 pF load unless otherwise noted. 

Table 9-4. A.C. Specifications (Continued) 



Symbol 


Parameter 


82385-25 


Units 


Notes 


Min 


Max 


t37a 
t37b 
t38 


BREADY# Setup Time 
BREADY# Setup Time 
BREADY# Hold 


20 
20 
3 




ns 
ns 
ns 


(Notes 1,11) 
(Note 12) 


t40a 
t40b 
t41 


BACP Rising Delay 
BACP Falling Delay 
BAOE# Valid Delay 


4 
4 
4 


16 
20 
15 


ns 
ns 
ns 




t43a 
t43b 
t43ab 
t43c 


BT/R# Valid Delay 
DOE# Falling Delay 
DOE # Rising Delay 
LDSTB Valid Delay 


4 
4 
4 
4 


16 
20 
17 
21 


ns 
ns 
ns 
ns 


(Note 17) 


t44a 
t44b 
t45 


SEN Setup Time 
SSTB# Setup Time 
SEN, SSTB# Hold Time 


9 
5 
5 




ns 
ns 
ns 




t46 
t47 
t48 


BHOLD Setup Time 
BHOLD Hold Time 
BHOLDA Valid Delay 


15 
3 
4 


23 


ns 
ns 
ns 


(Note 13) 
(Note 13) 
(Note 13) 


t55a 

t55b 

t56 

t57 

t58 


BLOCK# Valid Delay 

BBE# Valid Delay 

MISS# Valid Delay 

MISS#, BBE#, BLOCK# Float Delay 

WBS Valid Delay 


3 
4 
4 
4 
4 


26 
28 
30 
30 
25 


ns 
ns 
ns 
ns 
ns 


(Notes 1,18) 
(Notes 1,18) 
(Notel) 

(Notel) 


t59 
t60 


FLUSH Setup Time 
FLUSH Hold Time 


12 
5 




ns 
ns 




t61 
t62 


FLUSH Setup to RESET Low 
FLUSH Hold from RESET Low 


21 
21 




ns 
ns 





NOTES: 

1 . Frequency dependent specifications. 

2. All cycles except cache hit. CALEN triggers PHI2 in T1P state. 

3. The end of cache write hit cycles. Triggered by PHM. 

4. CWE# transitions by PHI1 in cache write cycles. GWE# transitions by PHI2 in cache read miss cycles. 

5. Used for cache memory (SRAM) specifications. 

6. In cache write hit cycles, CS0#-CS3# transition high by PHI2 and low by PHIL In cache write miss cycles, CS0#- 
CS3# transition high by PHI1 and low by PHI2. 

7. In cache write hit cycles, CT/R# transition low by PHI2. In cache read hit cycles, CT/R# goes high by PHI2. In cache 
read miss cycles, CT/R# goes low by PHI T. 

8. Direct mapped configuration. 

9. Two way set associative configuration. 

10. COE# switches high by PHI1 at the end of a cache read hit cycle, 

1 1 . Cache read miss cycles. 

12. Non-cacheable read cycles and system write cycles. 

13. Master mode configuration. BHOLD is an input and BHLDA is an output. 

14. Not supported as listed in 82385 Data Sheet. 

1 5. These inputs are diredtly affected by capacitive loading on the corresponding 80386 outputs. Use of the 80386 derating 
curve shows a maximum load of 80 pF-90 pF in order to meet the required 82385 setup times. 

16. Symbol Temperature Parameter 17. Symbol Temperature Parameter 

Max Max 

t25C t case = 16 t43B t caS e = 15 

tease = 85 18 t case = 85 17 

18. BLOCK# delay is either from BPHI1 or from 80386 LOCK#. Refer to Figure 5-3K and 5-3L in the 82385 data sheet. 

19. NCA# setup time is now specified to the rising edge of PHI2 in the state after 80386 addresses become valid (either the 
first T2 or the state after the first T2P). 
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Figure 9-2. CLK2, BCLK2 Timing 
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Figure 9-3. A.C. Test Load 
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Cache Write Hit Cycle 
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Cache Read Miss (Cache Update Cycle) 
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System Bus Interface Parameters 
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386SXTM MICROPROCESSOR 



Full 32-Bit Internal Architecture 

— 8-, 16-, 32-Bit Data Types 

— 8 General Purpose 32-Bit Registers 

Runs lntel386TM Software in a Cost 
Effective 16-Bit Hardware Environment 

— Runs Same Applications and O.S.'s 
as the 386™ Processor 

— Object Code Compatible with 8086, 
80186, 80286, and 386TM Processors 

— Runs MS-DOS*, OS/2* and UNIX** 

Very High Performance 16-Bit Data Bus 

— 16 MHz Clock 

— Two-Clock Bus Cycles 

— 16 Megabytes/Sec Bus Bandwidth 

— Address Pipelining Allows Use of 
Slower/Cheaper Memories 

Integrated Memory Management Unit 

— Virtual Memory Support 

— Optional On-Chip Paging 

— 4 Levels of Hardware Enforced 
Protection 

— MMU Fully Compatible with Those of 
the 80286 and 386TM CPUs 



Virtual 8086 Mode Allows Execution of 
8086 Software in a Protected and 
Paged System 

Large Uniform Address Space 

— 1 6 Megabyte Physical 
t- 64 Terabyte Virtual 

—- 4 Gigabyte Maximum Segment Size 

High Speed Numerics Support with the 
80387SX Coprocessor 

On-Chip Debugging Support Including 
Breakpoint Registers 

Complete System Development 

Support 

— Software: C, PL/M, Assembler 

— Debuggers: PMQN-386, ICETM-386SX 

— Extensive Third-Party Support: C, 
Pascal, FORTRAN, BASIC, Ada*** on 



VAX, UNIX** 
Hosts 



MS-DOS*, and Other 



■ High Speed CHMOS III Technology 

■ 100-Pin Plastic Quad Flatpack Package 

(See Packaging Outlines and Dimensions #231369) 



The 386SX™ Microprocessor is a 32-bit CPU with a 16-bit external data bus and a 24-bit external address 
bus. The 386SX CPU brings the high-performance software of the Intel386™ Architecture to midrange sys- 
tems. It provides the performance benefits of a 32-bit programming architecture with the cost savings associ- 
ated with 16-bit hardware systems. 
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*MS-DOS and OS/2 are trademarks of Microsoft Corporation. 

**UNIX is a trademark of AT&T. 

***Ada is a trademark of the Department of Defense. 
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1.0 PIN DESCRIPTION 
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Figure 1.1. 386SXTM Microprocessor Pin out Top View 
Table 1.1. Pin Assignments 
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1.0 PIN DESCRIPTION (Continued) 

The following are the 386SXTM Microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 

# The named signal is active LOW. 
I Input signal. 

O Output signal. 
I/O Input and Output signal. 
No electrical connection. 



Symbol 


Type 


Pin 


Name and Function 


CLK2 


I 


15 


CLK2 provides the fundamental timing for the 386SXTM 
Microprocessor. For additional information see Clock (page 39). 


RESET 


I 


33 


RESET suspends any operation in progress and places the 
386SXTM Microprocessor in a known reset state. See Interrupt 
Signals (page 43) for additional information. 


D15-D0 


I/O 


81-83,86-90, 
92-96,99-100,1 


Data Bus inputs data during memory, I/O and interrupt 
acknowledge read cycles and outputs data during memory and 
I/O write cycles. See Data Bus (page 39) for additional 
information. 


A23-A1, 





80-79,76-72,70, 

66-64,62-58, 

56-51,18 


Address Bus outputs physical memory or port I/O addresses. 
See Address Bus (page 40) for additional information. 


W/R# 





25 


Write/Read is a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition Signals 

(page 40) for additional information. 


D/C# 





24 


Data/Control is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: 
interrupt acknowledge, halt, and code fetch. See Bus Cycle 
Definition Signals (page 40) for additional information. 


M/IO# 





23 


Memory/IO is a bus cycle definition pin that distinguishes 
memory cycles from input/output cycles. See Bus Cycle 
Definition Signals (page 40) for additional information. 


LOCK# 





26 


Bus Lock is a bus cycle definition pin that indicates that other 
system bus masters are not to gain control of the system bus 
while it is active. See Bus Cycle Definition Signals (page 40) for 
additional information. 


ADS# 





16 


Address Status indicates that a valid bus cycle definition and 
address (W/R#, D/C#, M/IO#, BHE#, BLE# and A23-A! are 
being driven at the 386SXtm Microprocessor pins. See Bus 
Control Signals (page 41) for additional information. 


NA# 


I 


6 


Next Address is used to request address pipelining. See Bus 
Control Signals (page 41 ) for additional information. 


READY# 


I 


7 


Bus Ready terminates the bus cycle. See Bus Control Signals 

(page 41 ) for additional information. 


BHE#,BLE# 





19,17 


Byte Enables indicate which data bytes of the data bus take part 
in a bus cycle. See Address Bus (page 40) for additional 
information. 
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1.0 PIN DESCRIPTION (Continued) 



Symbol 


Type 


Pin 


Name and Function 


HOLD 


I 


4 


Bus Hold Request input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals (page 41) 
for additional information. 


HLDA 





3 


Bus Hold Acknowledge output indicates that the 386SXTM 
Microprocessor has surrendered control of its local bus to 
another bus master. See Bus Arbitration Signals (page 41) for 
additional information. 


INTR 


I 


40 


Interrupt Request is a maskable input that signals the 386SX™ 
Microprocessor to suspend execution of the current program and 
execute an interrupt acknowledge function. See Interrupt 
Signals (page 43) for additional information. 


NMI 


I 


38 


Non-Maskable Interrupt Request is a non-maskable input that 
signals the 386SXTM Microprocessor to suspend execution of 
the current program and execute an interrupt acknowledge 
function. See Interrupt Signals (page 43) for additional < 
information. 


BUSY# 


I 


34 


Busy signals a busy condition from a processor extension. See 
Coprocessor Interface Signals (page 42) for additional 
information. 


ERROR # 


I 


36 


Error signals an error condition from a processor extension. See 
Coprocessor Interface Signals (page 42) for additional 
information. 


PEREQ 


I 


37 


Processor Extension Request indicates that the processor has 
data to be transferred by the 386SXTM Microprocessor. See 
Coprocessor Interface Signals (page 42) for additional 
information. 


N/C 




20,27-31,43-47 


No Connects should always be left unconnected. Connection of 
a N/C pin may cause the processor to malfunction or be 
incompatible with future steppings of the 386SXTM 
Microprocessor. 


V C c 


I 


8-10,21,32,39 

42,48,57,69, 

71,84,91,97 


System Power provides the + 5V nominal DC supply input. 


V S s 


I 


2,5,11-14,22 
35,41,49-50, 
63,67-68, 
77-78,85,98 


System Ground provides the 0V connection from which all 
inputs and outputs are measured. 
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Figure 2.1. 386SXTM Microprocessor Registers 
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INTRODUCTION 

The 386SXTM Microprocessor is 100% object code 
compatible with the 386, 286 and 8086 microproces- 
sors. System manufacturers can provide 386tm CPU 
based systems optimized for performance and 
386SX CPU based systems optimized for cost, both 
sharing the same operating systems and application 
software. Systems based on the 386SX CPU can 
access the world's largest existing microcomputer 
software base, including the growing 32-bit software 
base. Only the Intel386 architecture can run UNIX, 
OS/2 and MS-DOS. 

Instruction pipelining, high bus bandwidth, and a 
very high performance ALU ensure short average 
instruction execution times and high system 
throughput. The 386SX processor is capable of exe- 
cution at sustained rates of 2.5-3.0 million instruc- 
tions per second. 

The integrated memory management unit (MMU) in- 
cludes an address translation cache, advanced mul- 
ti-tasking hardware, and a four-level hardware-en- 
forced protection mechanism to support operating 
systems. The virtual machine capability of the 
386SX CPU allows simultaneous execution of appli- 
cations from multiple operating systems such as 
MS-DOS and UNIX. 

The 386SX CPU offers on-chip testability and de- 
bugging features. Four breakpoint registers allow 
conditional or unconditional breakpoint traps on 
code execution or data accesses for powerful de- 
bugging of even ROM-based systems. Other testa- 
bility features include self-test, tri-state of output 
buffers, and direct access to the page translation 
cache. 



2.0 BASE ARCHITECTURE 

The 386SX Microprocessor consists of a central 
processing unit, a memory management unit and a 
bus interface. 

The central processing unit consists of the execu- 
tion unit and the instruction unit. The execution unit 
contains the eight 32-bit general purpose registers 
which are used for both address calculation and 
data operations and a 64-bit barrel shifter used to 
speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the decoded instruction queue 
for immediate use by the execution unit. 

The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 



providing an extra addressing component, one that 
allows easy code and data repeatability, and effi- 
cient sharing. The paging mechanism operates be- 
neath and is transparent to the segmentation pro- 
cess, to allow management of the physical address 
space. 

The segmentation unit provides four levels of pro- 
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 

The 386SX Microprocessor has two modes of oper- 
ation: Real Address Mode (Real Mode), and Protect- 
ed Virtual Address Mode (Protected Mode). In Real 
Mode the 386SX Microprocessor operates as a very 
fast 8086, but with 32-bit extensions if desired. Real 
Mode is required primarily to set up the processor 
for Protected Mode operation. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se- 
mantics, thus allowing 8086 software (an application 
program or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect- 
ed from one another and the host 386SX Microproc- 
essor operating system by use of paging. 

Finally, to facilitate high performance system hard- 
ware designs, the 386SX Microprocessor bus inter- 
face offers address pipelining and direct Byte En- 
able signals for each byte of the data bus. 



2.1 Register Set 

The 386SX Microprocessor has thirty-four registers 
as shown in Figure 2-1. These registers are grouped 
into the following seven categories: 

General Purpose Registers: The eight 32-bit gen- 
eral purpose registers are used to contain arithmetic 
and logical operands. Four of these (EAX, EBX, 
ECX, and EDX) can be used either in their entirety as 
32-bit registers, as 16-bit registers, or split into pairs 
of separate 8-bit registers. 

Segment Registers: Six 16-bit special purpose reg- 
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 

Flags and Instruction Pointer Registers: The two 

32-bit special purpose registers in figure 2.1 record 
or control certain aspects of the 386SX Microproc- 
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
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some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching and the processor automatically 
increments it after executing an instruction. 

Control Registers: The four 32-bit control register 
are used to control the global nature of the 386SX 
Microprocessor. The CRO register contains bits that 
set the different processor modes (Protected, Real, 
Paging and Coprocessor Emulation). CR2 and GR3 
registers are used in the paging operation. 

System Address Registers: These four special 
registers reference the tables or segments support- 
ed by the 80286/386SX/386 CPU's protection mod- 
el. These tables or segments are: 

GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 



Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. The use of the debug registers is described in 
Section 2. 10 Debugging Support. 

Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por- 
tion of the 386SX Microprocessor. Their use is dis- 
cussed in Testability. 

EFLAGS REGISTER 

The flag register is a 32-bit register named EFLAGS. 
The defined bits and bit fields within EFLAGS, 
shown in Figure 2.2, control certain operations and 
indicate the status of the 386SX Microprocessor. 
The lower 16 bits (bits 0-15) of EFLAGS contain the 
16- bit flag register named FLAGS. This is the de- 
fault flag register used when executing 8086, 80286, 
or real mode code. The functions of the flag bits are 
given in Table 2.1. 
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Figure 2.2. Status and Control Register Bit Functions 
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Table 2.1. Flag Definitions 



Bit Position 


Name 


Function 





CF 


Carry Flag— Set on high-order bit carry or borrow; cleared 
otherwise. 


2 


PF 


Parity Flag — Set if low-order 8 bits of result contain an even 
number of 1 -bits; cleared otherwise. 


4 


AF 


Auxiliary Carry Flag — Set on carry from or borrow to the low 
order four bits of AL; cleared otherwise. 


6 


ZF 


Zero Flag — Set if result is zero; cleared otherwise. 


7 


SF 


Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if 
negative). 


8 


TF 


Single Step Flag — Once set, a single step interrupt occurs after 
the next instruction executes. TF is cleared by the single step 
interrupt. 


9 


IF 


Interrupt-Enable Flag — When set, maskable interrupts will cause 
the CPU to transfer control to an interrupt vector specified 
location. 


10 


DF 


Direction Flag— Causes string instructions to auto-increment 
(default) the appropriate index registers when cleared. Setting 
DF causes auto-decrement. 


11 


OF 


Overflow Flag — Set if the operation resulted in a carry/borrow 
into the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 


12,13 


IOPL 


I/O Privilege Level — Indicates the maximum CPL permitted to 
execute I/O instructions without generating an exception 13 fault 
or consulting the I/O permission bit map while executing in 
protected mode. For virtual 86 mode it indicates the maximum 
CPL allowing alteration of the IF bit. 


14 


NT 


Nested Task— Indicates that the execution of the current task is 
nested within another task. 


16 


RF 


Resume Flag— Used in conjunction with debug register 
breakpoints. It is checked at instruction boundaries before 
breakpoint processing. If set, any debug fault is ignored on the 
next instruction. 


17 


VM 


Virtual 8086 Mode— If set while in protected mode, the 386SXTM 
Microprocessor will switch to virtual 8086 operation, handling 
segment loads as the 8086 does, but generating exception 1 3 
faults on privileged opcodes. 
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CONTROL REGISTERS 

the 386SX Microprocessor has three control registers of 32 bits, CR0,.CR2 and CR3, to hold the machine 
state of a global nature. These registers are shown in Figures 2.1 and 2.2. The defined CRO bits are described 
in Table 2.2. 

Table 2.2. CRO Definitions 



Bit Position 


Name 


Function 





PE 


Protection mode enable— places the 386SX™ Microprocessor 
into protected mode. If PE is reset, the processor operates again 
in Real Mode. PE may be set by loading MSW or CRO. PE can be 
reset only by loading CRO, it cannot be reset by the LMSW 
instruction. 


1 


MP 


Monitor coprocessor extension — allows WAIT instructions to 
cause a processor extension not present exception (number 7). 


2 


EM 


Emulate processor extension— causes a processor extension 
not present exception (number 7) on ESC instructions to allow 
emulating a processor extension. 


3 


TS 


Task switched— indicates the next instruction using a processor 
extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
currenttask. 


31 


PG 


Paging enable bit — is set to enable the on-chip paging unit. It is 
reset to disable the on-chip paging unit. 



2.2 Instruction Set 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation v 

Control transfer 

High Level Language Support 

Operating System Support 

Processor Control 

These instructions are listed in Table 9.1 
Instruction Set Clock Count Summary. 



All 386SX Microprocessor instructions operate on 
either 0, 1, 2 or 3 operands; an operand resides in a 
register, in the instruction itself, or in memory. Most 
zero operand instructions (e.g CLI, STI) take only 
one byte. One operand instructions generally are 
two bytes long. The average instruction is 3.2 bytes 
long. Since the 386SX Microprocessor has a 16 byte 
prefetch instruction queue, an average of 5 instruc- 
tions will be prefetched. The use of two operands 
permits the following types of common instructions: 

Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory. 



4-362 



iny 



386SXTM MICROPROCESSOR 



(ptiaiUMotMV 



The operands can be either 8, 16, or 32 bits long. As 
a general rule, when executing code written for the 
386SX Microprocessor (32 bit code), operands are 8 
or 32 bits; when executing existing 8086 or 80286 
code (16-bit code), operands are 8 or 16 bits. Prefix- 
es can be added to all instructions which override 
the default length of the operands (i.e. use 32-bit 
operands for 16-bit code, or 16-bit operands for 32- 
bit code). 



2.3 Memory Organization 

Memory on the 386SX Microprocessor is divided 
into 8-bit quantities (bytes), 1 6-bit quantities (words), 
and 32-bit quantities (dwords). Words are stored in 
two consecutive bytes in memory with the low-order 
byte at the lowest address. Dwords are stored in 
four consecutive bytes in memory with the low-order 
byte at the lowest address. The address of a word or 
dword is the byte address of the low-order byte. 

In addition to these basic data types, the 386SX Mi- 
croprocessor supports two larger units of memory: 
pages and segments. Memory can be divided up 
into one or more variable length segments, which 
can be swapped to disk or shared between pro- 
grams. Memory can also be organized into one or 
more 4K byte pages. Finally, both segmentation and 
paging can be combined, gaining the advantages of 
both systems. The 386SX Microprocessor supports 
both pages and segmentation in order to provide 
maximum flexibility to the system designer. Segmen- 
tation and paging are complementary. Segmentation 
is useful for organizing memory in logical modules, 
and as such is a tool for the application programmer, 
while pages are useful to the system programmer for 
managing the physical memory of a system. 



ADDRESS SPACES 

The 386SX Microprocessor has three types of ad- 
dress spaces: logical, linear, and physical. A 
logical address (also known as a virtual address) 
consists of a selector and an offset. A selector is the 
contents of a segment register. An offset is formed 
by summing all of the addressing components 
(BASE, INDEX, DISPLACEMENT), discussed in sec- 
tion 2.4 Addressing Modes, into an effective ad- 
dress. This effective address along with the selector 
is known as the logical address. Since each task on 
the 386SX Microprocessor has a maximum of 16K 
(2 14 -1) selectors, and offsets can be 4 gigabytes 
(with paging enabled) this gives a total of 2 46 bits, or 
64 terabytes, of logical address space per task. The 
programmer sees the logical address space. 

The segmentation unit translates the logical ad- 
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad- 
dress is truncated into a 24-bit physical address. 
The physical address is what appears on the ad- 
dress pins. 

The primary differences between Real Mode and 
Protected Mode are how the segmentation unit per- 
forms the translation of the logical address into the 
linear address, size of the address space, and pag- 
ing capability. In Real Mode, the segmentation unit 
shifts the selector left four bits and adds the result to 
the effective address to form the linear address. 
This linear address is limited to 1 megabyte. In addi- 
tion, real mode has no paging capability. 

Protected Mode will see one of two different ad- 
dress spaces, depending on whether or not paging 
is enabled. Every selector has a logical base ad- 
dress associated with it that can be up to 32 bits in 
length. This 32-bit logical base address is added to 
the effective address to form a final 32-bit linear 
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Figure 2.3. Address Translation 



address. If paging is disabled this final linear ad- 
dress reflects physical memory and is truncated so 
that only the lower 24 bits of this address are used 
to address the 16 megabyte memory address space. 
If paging is enabled this final linear address reflects 
a 32-bit address that is translated through the pag- 
ing unit to form a 16-megabyte physical address. 
The logical base address is stored in one of two 
operating system tables (i.e. the Local Descriptor 
Table or Global Descriptor Table). 

Figure 2.3 shows the relationship between the vari- 
ous address spaces. 

SEGMENT REGISTER USAGE 

The main data structure used to organize memory is 
the segment. On the 386SX Microprocessor, seg- 
ments are variable sized blocks of linear addresses 
which have certain attributes associated with them. 
There are two main types of segments, code and 
data. The segments are of variable size and can be 
as small as 1 byte or as large as 4 gigabytes (2 32 
bits). 

In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg- 
ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer- 
ences use the selector contained in the DS register, 
stack references use the SS register and instruction 



fetches use the CS register. The contents of the In- 
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list- 
ed in Table 2.3. the override prefixes also allow the 
use of the ES, FS and GS segment registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a four gigabyte linear ad- 
dress space. This creates a system where the virtual 
address space is the same as the linear address 
space. Further details of segmentation are dis- 
cussed in chapter 4 PROTECTED MODE ARCHI- 
TECTURE. 



2.4 Addressing Modes 

The 386SX Microprocessor provides a total of 8 ad- 
dressing modes for instructions to specify operands. 
The addressing modes are optimized to allow the 
efficient execution of high level languages such as C 
and FORTRAN, and they cover the vast majority of 
data references needed by high-level languages. 



REGISTER AND IMMEDIATE MODES 

Two of the addressing modes provide for instruc- 
tions that operate on register or immediate oper- 
ands: 
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Table 2.3. Segment Register Selection Rules 



Type of 
Memory Reference 


Implied (Default) 
Segment Use 


Segment Override 
Prefixes Possible 


Code Fetch 


CS 


None 


Destination of PUSH, 
PUSHA instructons 


ss 


None 


Source of POP, POPA 
instructions 


ss 


None 


Destination of STOS, 
MOVE, REP STOS, and 
REP MOVS instructions 


ES 


None 


Other data references, 
with effective address 
using base register of: 

[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 


DS 
DS 
DS 
DS 
DS 
DS 
SS 
SS 


CS,SS,ES,FS,GS 
CS.SS.ES.FS.GS 
CS.SS.ES.FS.GS 
CS.SS.ES.FS.GS 
CS.SS.ES.FS.GS 
CS.SS.ES.FS.GS 
CS.DS.ES.FS.GS 
CS.DS.ES.FS.GS 



Register Operand Mode: The operand is located in 
one of the 8, 1 6 or 32-bit general registers. 

Immediate Operand Mode: The operand is includ- 
ed in the instruction as part of the opcode. 

32-BIT MEMORY ADDRESSING MODES 

The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg- 
ment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see figure 2.3): 

DISPLACEMENT: an 8, 16 or 32-bit immediate val- 
ue, following the instruction. 

BASE: The contents of any general purpose regis- 
ter. The base registers are generally used by compil- 
ers to point to the start of the local variable area. 

INDEX: The contents of any general purpose regis- 
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char- 
acters. The index register's value can be multiplied 
by a scale factor, either 1 , 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc- 
tures. 



Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
The one exception is the simultaneous use of Base 
and Index components which requires one addition- 
al clock. 

As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 

EA = Base Reg ister + (lndex Re gj S ter*scaling) + 
Displacement 

1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8, 16 or 32-bit 
displacement. 

2. Register Indirect Mode: A BASE register con- 
tains the address of the operand. 

3. Based Mode: A BASE register's contents are 
added to a DISPLACEMENT to form the oper- 
and's offset. 

4. Scaled Index Mode: An INDEX register's con- 
tents are multiplied by a SCALING factor, and the 
result is added to a DISPLACEMENT to form the 
operand's offset. 
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Figure 2.4. Addressing Mode Calculations 



5. Based Scaled Index Mode: The contents of an 
INDEX register are rnuitiplied by a SCALING fac- 
tor, and the result is added to the contents of a 
BASE register to obtain the operand's offset. 

6. Based Scaled Index Mode with Displacement: 

The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE- 
MENT to form the operand's offset. 

DIFFERENCES BETWEEN 16 AND 32 BIT 
ADDRESSES 

In order to provide software compatibility with the 
8086 and the 80286, the 386SX Microprocessor can 
execute 16-bit instructions in Real and Protected 
Modes. The processor determines the size of the 
instructions it is executing by examining the D bit in a 
Segment Descriptor. If the D bit is then all operand 
lengths and effective addresses are assumed to be 
1 6 bits long. If the D bit is 1 then the default length 
for operands and addresses is 32 bits. In Real Mode 
the default size for operands and addresses is 16 
bits. 



Regardless of the default precision of the operands 
or addresses, the 386SX Microprocessor is able to 
execute either 16 or 32-bit instructions. This is specie 
fied through the use of override prefixes. Two prefix- 
es, the Operand Length Prefix and the Address 
Length Prefix, override the value of the D bit on an 
individual instruction basis. These prefixes are auto- 
matically added by assemblers. 

The Operand Length and Address Length Prefixes 
can be applied separately or in combination to any 
instruction. The Address Length Prefix does not al- 
low addresses over 64K bytes to be accessed in 
Real Mode. A memory address which exceeds 
OFFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad- 
ditional 386SX Microprocessor addressing modes. 

When executing 32-bit code, the 386SX Microproc- 
essor uses either 8 or 32-bit displacements, and any 
register can be used as base or index registers. 
When executing 16-bit code, the displacements are 
either 8 or 16-bits, and the base and index register 
conform to the 80286 model. Table 2.4 illustrates 
the differences. 
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Table 2.4. BASE and INDEX Registers for 16- and 32-Bit Addresses 




16-Bit Addressing 


32-Bit Addressing 


BASE REGISTER 


BX,BP 


Any 32-bit GP Register 


INDEX REGISTER 


SI.DI 


Any 32-bit GP Register 
Except ESP 


SCALE FACTOR 


None 


1,2,4,8 


DISPLACEMENT 


0, 8, 16-bits 


0, 8, 32-bits 



2.5 Data Types 

The 386SX Microprocessor supports all of the data 
types commonly used in high level languages: 

Bit: A single bit quantity. 

Bit Field: A group of up to 32 contiguous bits, which 
spans a maximum of four bytes. 

Bit String: A set of contiguous bits; on the 386SX 
Microprocessor, bit strings can be up to 4 gigabits 
long. 

Byte: A signed 8-bit quantity. 

Unsigned Byte: An unsigned 8-bit quantity. 

Integer (Word): A signed 1 6-bit quantity. 

Long Integer (Double Word): A signed 32-bit quan- 
tity. All operations assume a 2's complement repre- 
sentation. 

Unsigned Integer (Word): An unsigned 16-bit 
quantity. 

Unsigned Long Integer (Double Word): An un- 
signed 32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 

Unsigned Quad Word: An unsigned 64-bit quantity. 

Pointer: A 16 or 32-bit offset-only quantity which in- 
directly references another memory location. 

Long Pointer: A full pointer which consists of a 16- 
bjt segment selector and either a 16 or 32-bit offset. 

Char: A byte representation of an ASCII Alphanu- 
meric or control character. 

String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 4 
gigabytes 



BCD: A byte (unpacked) representation of decimal 
digits 0-9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in each nibble. 

When the 386SX Microprocessor is coupled with its 
numerics coprocessor, the 80387SX, then the fol- 
lowing common floating point types are supported: 

Floating Point: A signed 32, 64, or 80-bit real num- 
ber representation. Floating point numbers are sup- 
ported by the 80387SX numerics coprocessor. 

Figure 2.5 illustrates the data types supported by the 
386SX Microprocessor and the 80387SX. 



2.6 I/O Space 

The 386SX Microprocessor has two distinct physical 
address spaces: physical memory and I/O. General- 
ly, peripherals are placed in I/O space although the 
386SX Microprocessor also supports memory- 
mapped peripherals. The I/O space consists of 64K 
bytes which can be divided into 64K 8-bit ports or 
32K 16-bit ports, or any combination of ports which 
add up to no more than 64K bytes. The 64K I/O 
address space refers to physical addresses rather 
than linear addresses since I/O instructions do not 
go through the segmentation or paging hardware. 
The M/IO# pin acts as an additional address line, 
thus allowing the system designer to easily deter- 
mine which address space the processor is access- 
ing. 

The I/O ports are accessed by the IN and OUT in- 
structions, with the port address supplied as an im- 
mediate 8-bit constant in the instruction or in the DX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the M/IO# pin to be driven LOW. 
I/O port addresses 00F8H through 00FFH are re- 
served for use by Intel. 
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Table 2.5, 


Interrupt Vector Assignments 






Function 


Interrupt 
Number 


Instruction Which 
Can Cause 
Exception 


Return Address 

Points to 

Faulting 

Instruction 


Type 


Divide Error 





DIV, IDIV 


YES 


FAULT 


Debug Exception 


1 


any instruction 


YES 


TRAP* 


NMI Interrupt 


2 


INT 2 or NMI 


NO 


NMI 


One Byte Interrupt 


3 


INT 


NO 


TRAP 


Interrupt on Overflow 


4 


INTO 


NO 


TRAP 


Array Bounds Check 


5 


BOUND 


YES 


FAULT 


Invalid OP-Code 


6 


Any illegal instruction 


YES 


FAULT 


Device Not Available 


7 


ESC, WAIT 


YES 


FAULT 


Double Fault 


8 


Any instruction that can 
generate an exception 




ABORT 


Coprocessor Segment Overrun 


9 


ESC 


NO 


ABORT 


Invalid TSS 


10 


JMP, CALL, IRET, INT 


YES 


FAULT 


Segment Not Present 


11 


Segment Register Instructions 


YES 


FAULT 


Stack Fault 


12 


Stack References 


YES 


FAULT 


General Protection Fault 


13 


Any Memory Reference 


YES 


FAULT 


Page Fault 


14 


Any Memory Access or Code Fetch 


YES 


FAULT 


Coprocessor Error 


16 


ESC, WAIT 


YES 


FAULT 


Intel Reserved 


17-32 








Two Byte Interrupt 


0-255 


INTn 


NO 


TRAP 



*Some debug exceptions may report both traps on the previous instruction and faults on the next instruction. 



2.7 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditions. The difference between 
interrupts and exceptions is that interrupts are used 
to handle asynchronous external events while ex- 
ceptions handle instruction faults. Although a pro- 
gram can generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions. 

Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately 
after the interrupted instruction. 



Exceptions are classified as faults, traps, or aborts, 
depending on the way they are reported and wheth- 
er or not restart of the instruction causing the excep- 
tion is supported. Faults are exceptions that are de- 
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in- 
struction which caused the problem. Aborts are ex- 
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter- 
mined. 

Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 
immediately following the interrupted instruction. On 
the other hand, the return address from an excep- 
tion fault routine will always point to the instruction 
causing the exception and will include any leading 
instruction prefixes. Table 2.5 summarizes the possi- 
ble interrupts for the 386SX Microprocessor and 
shows where the return address points to. 
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The 386SX Microprocessor has the ability to handle 
up to 256 different interrupts/exceptions. In order to 
service the interrupts, a table with up to 256 interrupt 
vectors must be defined. The interrupt vectors are 
simply pointers to the appropriate interrupt service 
routine. In Real Mode, the vectors are 4-byte quanti- 
ties, a Code Segment plus a 1 6-bit offset; in Protect- 
ed Mode, the interrupt vectors are 8 byte quantities, 
which are put in an Interrupt Descriptor Table. Of the 
256 possible interrupts, 32 are reserved for use by 
Intel and the remaining 224 are free to be used by 
the system designer. 

INTERRUPT PROCESSING 

When an interrupt occurs, the following actions hap- 
pen. First, the current program address and Flags 
are saved on the stack to allow resumption of the 
interrupted program. Next, an 8-bit vector is supplied 
to the 386SX Microprocessor which identifies the 
appropriate entry in the interrupt table. The table 
contains the starting address of the interrupt service 
routine. Then, the user supplied interrupt service 
routine is executed. Finally, when an IRET instruc- 
tion is executed the old processor state is restored 
and program execution resumes at the appropriate 
instruction. 

The 8-bit interrupt vector is supplied to the 386SX 
Microprocessor in several different ways: exceptions 
supply the interrupt vector internally; software INT 
instructions contain or imply the vector; maskable 
hardware interrupts supply the 8-bit vector via the 
interrupt acknowledge bus sequence. Non-Maska- 
ble hardware interrupts are assigned to interrupt 
vector 2. 



Maskable Interrupt 

Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in- 
structions (string instructions have an 'interrupt win- 
dow 4 between memory moves which allows inter- 
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 



Interrupts through interrupt gates automatically reset 
IF, disabling INTR requests. Interrupts through Trap 
Gates leave the state of the IF bit unchanged. Inter- 
rupts through a Task Gate change the IF bit accord- 
ing to the image of the EFLAGs register in the task's 
Task State Segment (TSS). When an IRET instruc- 
tion is executed, the original state of the IF bit is 
restored. 



Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic- 
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal- 
ly supplied vector value of 2. Unlike a normal hard- 
ware interrupt, no interrupt acknowledgment se- 
quence is performed for an NMI. 

While executing the NMI servicing procedure, the 
386SX Microprocessor will not service any further 
NMI request or INT requests until an interrupt return 
(IRET) instruction is executed or the processor is 
reset. If NMI occurs while currently servicing an NMI, 
its presence will be saved for servicing after execut- 
ing the first IRET instruction. The IF bit is cleared at 
the beginning of an NMI interrupt to inhibit further 
INTR interrupts. 



Software Interrupts 

A third type of interrupt/exception for the 386SX Mi- 
croprocessor is the software interrupt. An INT n in- 
struction causes the processor to execute the inter- 
rupt service routine pointed to by the n th vector in 
the interrupt table. 

A special case of the two byte software interrupt INT 
n is the one byte INT 3, or breakpoint interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug- 
ging tool. 

A final type of software interrupt is the single step 
interrupt. It is discussed in Single Step Trap (page 
20).; ■■ ■ ; ' : -'"."; '' ; ' 
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INTERRUPT AND EXCEPTION PRIORITIES 

Interrupts are externally generated events. Maska- 
ble Interrupts (on the INTR Input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in- 
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 386SX Microprocessor invokes the 
NMI service routine first. If maskable interrupts are 
still enabled after the NMI service routine has been 
invoked, then the 386SX Microprocessor will invoke 
the appropriate interrupt service routine. 

As the 386SX Microprocessor executes instructions, 
it follows a consistent cycle in checking for excep- 
tions, as shown in Table 2.6. This cycle is repeated 



as each instruction is executed, and occurs in paral- 
lel with instruction decoding and execution. 

INSTRUCTION RESTART 

The 386SX Microprocessor fully supports restarting 
all instructions after Faults. If an exception is detect- 
ed in the instruction to be executed (exception cate- 
gories 4 through 10 in Table 2.6), the 386SX Micro- 
processor invokes the appropriate exception service 
routine. The 386SX Microprocessor is in a state that 
permits restart of the instruction, for all cases but 
those given in Table 2.7. Note that all such cases 
will be avoided by a properly designed operating 
system. 



Table 2.6. Sequence of Exception Checking 



Consider the case of the 386SXTM Microprocessor having just completed an instruction. It then performs 
the following checks before reaching the point where the next instruction is completed: 

1 . Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 
Breakpoints set in the Debug Registers). 

2. Check for external NMI and INTR. 

3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the Debug 
Registers for the next instruction). 

4. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 13). 

5. Check for Page Faults that prevented fetching the entire next instruction (exception 14). 

6. bheck for Faults decoding the next instruction (exception 6 if illegal opcode; exception 6 if in Real Mode 
or in Virtual 8086 Mode and attempting to execute an instruction for Protected Mode only; or exception 
13 if instruction is longer than 15 bytes, or privilege violation in Protected Mode (i.e. not at IOPL or at 
CPL = 0). 

7. If WAIT opcode, check if TS = 1 and MP = 1 (exception 7 if both are 1). 

8. If ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

9. If WAIT opcode or ESCape opcode for numeric coprocessor, check ERROR # input signal (exception 16 
if ERROR # input is asserted). 

10. Check in the following order for each memory reference required by the instruction: 

a. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 1 1 , 
12,13). 

b. Check for Page Faults that prevent transferring the entire memory quantity (exception 14). 



NOTE: 

Segmentation exceptions are generated before paging exceptions. 



Table 2.7. Conditions Preventing Instruction Restart 



i. An instruction causes a task switch to a task whose Task State Segment is partially 'not present' (An 
entirely 'not present' TSS is restartable). Partially present T$S's can be avoided either by keeping the 
TSS's of such tasks present in memory, or by aligning TSS segments to reside entirely within a single 4K 
page (for TSS segments of 4K bytes or less). 

2. A coprocessor operand wraps around the top of a 64K-byte segment or a 4G-byte segment, and spans 
three pages, and the page holding the middle portion of the operand is 'not present'. This condition can 
be avoided by starting at a page boundary any segments containing coprocessor operands if the 
segments are approximately 64K-200 bytes or larger (i.e. large enough for wraparound of the coproces- 
sor operand to possibly occur). 



Note that these conditions are avoided by using the operating system designs mentioned in this table. 
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Table 2.8. Register Values after Reset 



Flag Word (EFLAGS) 


uuuu0002H 


Notel 


Machine Status Word (CRO) 


uuuuuuuOH 


Note 2 


Instruction Pointer (EIP) 


OOOOFFFOH 




Code Segment (CS) 


F000H 


Note3 


Data Segment (DS) 


OOOOH 


Note 4. 


Stack Segment (SS) 


0000H 




Extra Segment (ES) 


OOOOH 


Note4 


Extra Segment (FS) 


OOOOH 




Extra Segment (GS) 


OOOOH 




EAX register 


OOOOH 


Note 5 


EDX register 


component and stepping ID 


Note 6 


All other registers 


undefined 


Note 7 



NOTES: 

1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined flag bits are zero. 

2. CRO: All of the defined fields in CRO are 0. 

3. The Code Segment Register (CS) will have its Base Address set to 0FFFF0000H and Limit set to OFFFFH. 

4. The Data and Extra Segment Registers (DS, ES) will have their Base Address set to 000000000M and Limit set to 
OFFFFH. 

5. If self-test is selected, the EAX register should contain a value. If a value of is not found then the self-test has 
detected a flaw in the part. 

6. EDX register always holds component and stepping identifier. 

7. All undefined bits are Intel Reserved and should not be used. 



DOUBLE FAULT 

A Double Fault (exception 8) results when the proc- 
essor attempts to invoke an exception service rou- 
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so detects an exception 
other than a Page Fault (exception 14). 

One other cause of generating a Double Fault is the 
386SX Microprocessor detecting any other excep- 
tion when it is attempting to invoke the Page Fault 
(exception 14) service routine (for example, if a Page 
Fault is detected when the 386SX Microprocessor 
attempts to invoke the Page Fault service routine). 
Of course, in any functional system, not only in 
386SX Microprocessor-based systems, the entire 
page fault service routine must remain 'present' in 
memory. 



2.8 Reset and Initialization 

When the processor is initialized or Reset the regis- 
ters have the values shown in Table 2.8. The 386SX 
Microprocessor will then start executing instructions 
near the top of physical memory, at location 
OFFFFFOH. When the first Intersegment Jump or 
Call is executed, address lines A20-A23 will drop 
LOW for CS-relative memory cycles, and the 386SX 
Microprocessor will only execute instructions in the 
lower one megabyte of physical memory. This al- 
lows the system designer to use a shadow ROM at 
the top of physical memory to initialize the system 
and take care of Resets. 



RESET forces the 386SX Microprocessor to termi- 
nate all execution and local bus activity. No instruc- 
tion execution or bus activity will occur as long as 
Reset is active. Between 350 and 450 CLK2 periods 
after Reset becomes inactive, the 386SX Microproc- 
essor will start executing instructions at the top of 
physical memory. 



2.9 Testability 

The 386SX Microprocessor, like the 386 Microproc- 
essor, offers testability features which include a self- 
test and direct access to the page translation cache. 



SELF-TEST 

The 386SX Microprocessor has the capability to per- 
form a self-test. The self-test checks the function of 
all of the Control ROM and most of the non-random 
logic of the part. Approximately one-half of the 
386SX Microprocessor can be tested during self- 
test. 

Self-Test is initiated on the 386SX Microprocessor 
when the RESET pin transitions from HIGH to LOW, 
and the BUSY# pin is LOW. The self-test takes 
about 220 clocks, or approximately 33 milliseconds 
with a 16 MHz 386SX CPU. At the completion of 
self -test the processor performs reset and begins 
normal operation. The part has successfully passed 
self-test if the contents of the EAX are zero. If the 
results of the EAX are not zero then the self-test has 
detected a flaw in the part. 
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Figure 2.6. Test Registers 



TLB TESTING 



The 386SX Microprocessor also provides a mecha- 
nism for testing the Translation Lookaside Buffer 
(TLB) if desired. This particular mechanism may not 
be continued in the same way in future processors. 

There are two TLB testing operations: 1) writing en- 
tries into the TLB, and, 2) performing TLB lookups. 
Two Test Registers, shown in Figure 2.6, are provid- 
ed for the purpose of testing. TR6 is the "test com- 
mand register", and TR7 is the "test data register". 
For a more detailed explanation of testing the TLB, 
see the 386SXTM Microprocessor Programmer's 
Reference Manual. 



2.10 Debugging Support 

The 386SX Microprocessor provides several fea- 
tures which simplify the debugging process. The 
three categories of on-chip debugging aids are: 

1 . The code execution breakpoint opcode (OCCH). 

2. The single-step capability provided by the TF bit 
in the flag register. 

3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 

BREAKPOINT INSTRUCTION 

A single-byte software interrupt (Int 3) breakpoint in- 
struction is available for use by software debuggers. 



The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 

SINGLE-STEP TRAP 

If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1 . 

DEBUG REGISTERS 

The Debug Registers are an advanced debugging 
feature of the 386SX Microprocessor. They allow 
data access breakpoints as well as code execution 
breakpoints. Since the breakpoints are indicated by 
on-chip registers, an instruction execution break- 
point can be placed in ROM code or in code shared 
by several tasks, neither of which can be supported 
by the INT 3 breakpoint opcode. 

The 386SX Microprocessor contains six Debug Reg- 
isters, consisting of four breakpoint address regis- 
ters and two breakpoint control registers. Initially af- 
ter reset, breakpoints are in the disabled state; 
therefore, no breakpoints will occur unless the de- 
bug registers are programmed. Breakpoints set up in 
the Debug Registers are auto-vectored to exception 
1. Figure 2.7 shows the breakpoint status and con- 
trol registers. 
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Figure 2.7. Debug Registers 



3.0 REAL MODE ARCHITECTURE 

When the processor is reset or powered up it is ini- 
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32-bit register set of the 386SX Microprocessor. The 
addressing mechanism, memory size, and interrupt 
handling are all identical to the Real Mode on the 
80286. 

The default operand size in Real Mode is 16 bits, as 
in the 8086. In order to use the 32-bit registers and 
addressing modes, override prefixes must be used. 
In addition, the segment size on the 386SX Micro- 
processor in Real Mode is 64K bytes so 32-bit ad- 
dresses must have a value less then 0000FFFFH, 
The primary purpose of Real Mode is to set up the 
processor for Protected Mode operation. 



3.1 Memory Addressing 

In Real Mode the linear addresses are the same as 
physical addresses (paging is not allowed). Physical 
addresses are formed in Real Mode by adding the 
contents of the appropriate segment register which 
is shifted left by four bits to an effective address. 
This addition results in a 20-bit physical address or a 
1 megabyte address space. Since segment registers 
are shifted left by 4 bits, Real Mode segments al- 
ways start on 16-byte boundaries. 

All segments in Real Mode are exactly 64K bytes 
long, and may be read, written, or executed. The 
386SX Microprocessor will generate an exception 
13 if a data operand or instruction fetch occurs past 
the end of a segment. 
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Table 3.1. Exceptions in Real Mode 



Function 


Interrupt 
Number 


Related 
Instructions 


Return 
Address Location 


Interrupt table limit 
too small 


8 


INT vector is not 
within table limit 


Before 
Instruction 


CS, DS, ES, FS, GS 
Segment overrun exception 


13 


Word memory reference 
with offset = OFFFFH. 
an attempt to execute 
past the end of CS segment. 


Before 
Instruction 


SS Segment overrun 
exception 


12 


Stack Reference 
beyond offset = OFFFFH 


Before 
Instruction 



3.2 Reserved Locations 

There are two fixed areas in memory which are re- 
served in Real address mode: the system initializa- 
tion area and the interrupt table area. Locations 
00000H through 003FFH are reserved for interrupt 
vectors. Each one of the 256 possible interrupts has 
a 4-byte jump vector reserved for it. Locations 
OFFFFFOH through OFFFFFFH are reserved for sys- 
tem initialization. 



3.3 Interrupts 

Many of the exceptions discussed in section 2.7 are 
not applicable to Real Mode operation; in particular, 
exceptions 10, 11 and 14 do not occur in Real 
Mode. Other exceptions have slightly different 
meanings in Real Mode; Table 3.1 identifies these 
exceptions. 



3.4 Shutdown and Halt 

The HLT instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, INTR with interrupts enabled 
(IF= 1), or RESET will force the 386SX Microproces- 
sor out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 

Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 

1 . An interrupt or an exception occurs (Exceptions 8 
or 13) and the interrupt vector is larger than the 
Interrupt Descriptor Table. 

2. A CALL, INT or PUSH instruction attempts to 
wrap around the stack segment when SP is not 
even. 

An NMI input can bring the processor out of shut- 
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 



000FH) and the stack has enough room to contain 
the vector and flag information (i.e. SP is greater that 
0005H). Otherwise, shutdown can only be exited by 
a processor reset. 



3.5 LOCK operation 

The LOCK prefix on the 386SX Microprocessor, 
even in Real Mode, is more restrictive than on the 
80286. This is due to the addition of paging. on the 
386SX Microprocessor in Protected Mode and Virtu- 
al 8086 Mode. The LOCK prefix is not supported 
during repeat string instructions. 

The only instruction forms where the LOCK prefix is 
legal on the 386SX Microprocessor are shown in Ta- 
ble 3.2. 

Table 3.2. Legal Instructions for the LOCK Prefix 



Opcode 


Operands 
(Dest, Source) 


BIT Test and 
SET/RESET 
/COMPLEMENT 


Mem, Reg/ Immediate 


XCHG 


Reg, Mem 


XCHG 


Mem, Reg 


ADD, OR, ADC, SBB, 
AND,SUB,XOR 


Mem, Reg/ Immediate 


NOT, NEG, INC, DEC 


Mem 



An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/ modify/write operations on memory operands 
using the instructions above. 

The LOCK prefix is not lOPL-sensitive on the 386SX 
Microprocessor. The LOCK prefix can be used at 
any privilege level, but only on the instruction forms 
listed in Table 3.2. 
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4.0 PROTECTED MODE 
ARCHITECTURE 

The complete capabilities of the 386SX Microproc- 
essor are unlocked when the processor operates in 
Protected Virtual Address Mode (Protected Mode). 
Protected Mode vastly increases the linear address 
space to four gigabytes (2 32 bytes) and allows the 
running of virtual memory programs of almost unlim- 
ited size (64 terabytes (2 46 bytes)). In addition, Pro- 
tected Mode allows the 386SX Microprocessor to 
run all of the existing 386 CPU (using only 16 mega- 
bytes of physical memory), 80286 and 8086 CPU's 
software, while providing a sophisticated memory 
management and a hardware-assisted protection 
mechanism. Protected Mode allows the use of addi- 
tional instructions specially optimized for supporting 
multitasking operating systems. The base architec- 
ture of the 386SX Microprocessor remains the 
same; the registers, instructions, and addressing 
modes described in the previous sections are re- 
tained. The main difference between Protected 
Mode and Real Mode from a programmer's view- 
point is the increased address space and a different 
addressing mechanism. 



4.1 Addressing Mechanism 

Like Real Mode, Protected Mode uses two compo- 
nents to form the logical address; a 1 6-bit selector is 
used to determine the linear base address of a seg- 
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as a 24-bit physical ad- 
dress, or if paging is enabled the paging mechanism 
maps the 32-bit linear address into a 24-bit physical 
address. 

The difference between the two modes lies in calcu- 
lating the base address. In Protected Mode, the se- 
lector is used to specify an index into an operating 
system defined table (see Figure 4.1). The table 
contains the 32-bit base address of a given seg- 
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the 386SX Microprocessor, as such 
paging operates beneath segmentation. The page 
mechanism translates the protected linear address 
which comes from the segmentation unit into a 
physical address. Figure 4.2 shows the complete 
386SX Microprocessor addressing mechanism with 
paging enabled. 



4.2 Segmentation 

Segmentation is one method of memory manage- 
ment. Segmentation provides the basis for protec- 
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam- 
ple, all of the code of a given program could be con- 
tained in a segment, or an operating system table 
may reside in a segment. All information about each 
segment is stored in an 8 byte data structure called 
a descriptor. AH of the descriptors in a system are 
contained in descriptor tables which are recognized 
by hardware. 

TERMINOLOGY 

The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 

PL: Privilege Level — One of the four hierarchical 
privilege levels. Level is the most privileged 
level and level 3 is the least privileged. 

RPL: Requestor Privilege Level — The privilege level 
of the original supplier of the selector. RPL is 
determined by the least two significant bits of 
a selector. 

DPL: Descriptor Privilege Level— This is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev- 
el is determined by bits 6;5 in the Access 
Right Byte of a descriptor. 

CPL: Current Privilege Level— The privilege level at 
which a task is currently executing, which 
equals the privilege level of the code segment 
being executed. CPL can also be determined 
by examining the lowest 2 bits of the CS regis- 
ter, except for conforming code segments. 

EPL: Effective Privilege Level—- The effective privi- 
lege level is the least privileged of the RPL 
and the DPL EPL is the numerical maximum 
of RPL and DPL 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

DESCRIPTOR TABLES 

The descriptor tables define all of the segments 
which are used in a 386SX Microprocessor system. 
There are three types of tables which hold descrip- 
tors: the Global Descriptor Table, Local Descriptor 
Table, and the Interrupt Descriptor Table. All of the 
tables are variable length memory arrays and can 
vary in size from 8 bytes to 64K bytes. Each table 
can hold up to 8192 8-byte descriptors. The upper 
13 bits of a selector are used as an index into the 
descriptor table. The tables have registers associat- 
ed with them which hold the 32-bit linear base ad- 
dress and the 1 6-bit limit of each table. 
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Figure 4.1. Protected Mode Addressing 
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Figure 4.3. Descriptor Table Registers 
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Each of the tables has a register associated with it: 
GDTR, LDTR, and IDTR; see Figure 2.1. The LQDT, 
LLDT, and LIDT instructions load the base and limit 
of the Global, Local, and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLDT, and 
SIDT store the base and limit values. These are priv- 
ileged instructions. 

Global Descriptor Table 

The Global Descriptor Table (GDT) contains de- 
scriptors which are available to all of the tasks in a 
system. The GDT can contain any type of segment 
descriptor except for interrupt and trap descriptors. 
Every 386SX CPU system contains a GDT. 

The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 



Unlike the 6-byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GDT (see figure 2.1). 

Interrupt Descriptor Table 

The third table needed for 386SX Microprocessor 
systems is the Interrupt Descriptor Table. The IDT 
contains the descriptors which point to the location 
of the up to 256 interrupt service routines. The IDT 
may contain only task gates, interrupt gates, and 
trap gates. The IDT should be at least 256 bytes in 
size in order to hold the descriptors for the 32 Intel 
Reserved Interrupts. Every interrupt used by a sys- 
tem must have an entry in the IDT. The IDT entries 
are referenced by INT instructions, external interrupt 
vectors, and exceptions. 



Local Descriptor Table 

LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GDT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LDT or the GDT. This pro- 
vides both isolation and protection for a task's seg- 
ments while still allowing global data to be shared 
among tasks. 



DESCRIPTORS 

The object to which the segment selector points to 
is called a descriptor, Descriptors are eight byte 
quantities which contain attributes about a given re- 
gion of linear address space. These attributes in- 
clude the 32-bit base linear address of the segment, 
the 20-bit length and granularity of the segment, the 
protection level, read, write or execute privileges, 
the default size of the operands (16-bit or 32-bit), 
and the type of segment. All of the attribute informa- 
tion about a segment is contained in 12 bits in the 
segment descriptor. Figure 4.4 shows the general 
format of a descriptor. All segments on the 386SX 
Microprocessor have three attribute fields in com- 
mon: the P bit, the DPL bit, and the S bit. The P 
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BASE Base Address of the segment 

LIMIT The length of the segment 

P Present Bit 1 = Present = Not Present 

DPL Descriptor Privilege Level 0-3 

S Segment Descriptor = System Descriptor 1 = Code or Data Segment Descriptor 

TYPE Type of Segment 

A Accessed Bit 

G Granularity Bit 1 = Segment length is page granular = Segment length is byte granular 

D Default Operation Size (recognized in code segment descriptors only) 1 = 32-bit segment = 16-bit segment 

Bit must be zero (0) for compatibility with future processors 

AVL Available field for user or OS 



Figure 4.4. Segment Descriptors 
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(Present) Bit is 1 if the segment is loaded in physical 
memory. If P = then any attempt to access this 
segment causes a not present exception (exception 
11). The Descriptor Privilege Level, DPL, is a two bit 
field which specifies the protection level, 0-3, asso- 
ciated with a segment. 

The 386SX Microprocessor has two main categories 
of segments: system segments and non-system 
segments (for code and data). The segment bit, S, 
determines if a given segment is a system segment 



or a code or data segment. If the S bit is 1 then the 
segment is either a code or data segment; if it is 
then the segment is a system segment. 

Code and Data Descriptors (S= 1) 

Figure 4.5 shows the general format of a code and 
data descriptor and Table 4.1 illustrates how the bits 
in the Access Right Byte are interpreted. 
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D/B 1 = Default Instructions Attributes are 32-Bits 
= Default Instruction Attributes are 16-Bits 
AVL Available field for user or OS 



Granularity Bit 1 = Segment length is page granular 
= Segment length is byte granular 
Bit must be zero (0) for compatibility with future processors 



Figure 4.5. Code and Data Descriptors 
Table 4.1. Access Rights Byte Definition for Code and Data Descriptors 



Bit 
Position 


Name 


Function 


7 

6-5 
4 


Present (P) 

Descriptor Privilege 
Level (DPL) 
Segment Descrip- 
tor (S) 


P = 1 Segment is mapped into physical memory. 

P = No mapping to physical memory exists, base and limt are 

not used. 

Segment privilege attribute used in privilege tests. 

S = 1 Code or Data (includes stacks) segment descriptor 
S = System Segment Descriptor or Gate Descriptor 


3 
2 

1 


Executable (E) 
Expansion Direc- 
tion (ED) 
Writeable (W) 


E = Descriptor type is data segment: 

ED = Expand up segment, offsets must be <. limit. 

ED = 1 Expand down segment, offsets must be > limit. 

W = Data segment may not be written into. 

W = 1 Data segment may be written into. 


If 

Data 
* Segment 
(S=1, 
E = 0) 


3 
2 

1 


Executable (E) 
Conforming (C) 

Readable (R) 


E = 1 Descriptor type is code segment: 
C = 1 Code segment may only be executed 

when CPL ^ DPL and CPL 

remains unchanged. 
R = Code segment may not be read. 
R = 1 Code segment may be read. 


If 

Code 
Segment 
MS = 1, 
E = 1) 





Accessed (A) 


A = Segment has not been accessed. 
A = 1 Segment selector has been loaded into segment register 
or used by selector test instructions. 
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Figure 4.6. System Descriptors 



Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when- 
ever the processor accesses a descriptor. The gran- 
ularity bit, G, specifies if a segment length is byte- 
granular or page-granular. 

System Descriptor Formats (S = 0) 

System segments describe information about oper- 
ating system tables, tasks, and gates. Figure 4.6 
shows the general format of system segment de- 
scriptors, and the various types of system segments. 
386SX system descriptors (which are the same as 
386 CPU system descriptors) contain a 32-bit base 
linear address and a 20-bit segment limit. 80286 sys- 
tem descriptors have a 24-bit base address and a 
16-bit segment limit. 80286 system descriptors are 
identified by the upper 16 bits being all zero. 

Differences Between 386SXTM Microprocessor 
and 80286 Descriptors 

In order to provide operating system compatibility 
with the 80286 the 386SX CPU supports all of the 
80286 segment descriptors. The 80286 system seg- 
ment descriptors contain a 24-bit base address and 
16-bit limit, while the 386SX CPU system segment 
descriptors have a 32-bit base address, a 20-bit limit 
field, ahd a granularity bit. The word count field 
specifies the number of 16-bit quantities to copy for 
80286 call gates and 32-bit quantities for 386SX 
CPU call gates. 



Selector Fields 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table indicator (Tl), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4.7. The Tl 
bit selects either the Global Descriptor Table or the 
Local Descriptor Table. The Index selects one of 8k 
descriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 



Segment Descriptor Cache 

In addition to the selector value, every segment reg- 
ister has a segment descriptor cache register asso- 
ciated with it. Whenever a segment register's con- 
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once ioaded, ail references to that seg- 
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg- 
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val- 
ue. 
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Figure 4.7. Example Descriptor Selection 
PRIVILEGE LEVELS 



The 386SX Microprocessor has four levels of pro- 
tection which are optimized to support a multi-task- 
ing operating system and to isolate and protect user 
programs from each other and the operating system. 
The privilege levels control the use of privileged in- 
structions, I/O instructions, and access to segments 
and segment descriptors. The 386SX Microproces- 
sor also offers an additional type of protection on a 
page basis when paging is enabled. 

The four-level hierarchical privilege system is an ex- 
tension of the user/supervisor privilege mode com- 
monly used by minicomputers. The user/supervisor 
mode is fully supported by the 386SX Microproces- 
sor paging mechanism. The privilege levels (PL) are 
numbered through 3. Level is the most privileged 
level. 



RULES OF PRIVILEGE 

The 386SX Microprocessor controls access to both 
data and procedures between levels of a task, ac- 
cording to the following rules. 

— Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 

— A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 



At any point in time, a task on the 386SX Microproc- 
essor always executes at one of the four privilege 
levels. The Current Privilege Level (GPL) specifies 
what the task's privilege level is. A task's CPL may 
only be changed by control transfers through gate 
descriptors to a code segment with a different privi- 
lege level. Thus, an application program running at 
PL =3 may call an operating system routine at 
PL= 1 (via a gate) which would cause the task's CPL 
to be set to 1 until the operating system routine was 
finished. 



Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
RPL field. The selector's RPL is only used to estab- 
lish a less trusted privilege level than the current 
privilege level of the task for the use of a segment. 
This level is called the task's effective privilege level 
(EPL). The EPL is defined as being the least privi- 
leged (numerically larger) level of a ta$k's CPL and a 
selector's RPL. The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi- 
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
RPL value, the Adjust RPL (ARPL) instruction is pro- 
vided to force the RPL bits to the originator's CPL. 
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Table 4.2. Descriptor Types Used for Control Transfer 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 


CALL 


Call Gate 


GDT/LDT 


Interrupt instruction 
Exception External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


Intersegment to a lower privilege level 
(changes task CPL) 


RET, IRET* 


Code Segment 


GDT/LDT 




CALL, JMP 


Task State 
Segment 


GDT 


Task Switch 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET** 

Interrupt instruction, 
Exception, External 
Interrupt 


Task Gate 


IDT 



*NT (Nested Task bit of flag register) = 
**NT (Nested Task bit of flag register) = 1 

I/O Privilege 

The I/O privilege level (IOPL) lets the operating sys- 
tem code executing at CPL=0 define the least privi- 
leged level at which I/O instructions can be used. An 
exception 13 (General Protection Violation) is gener- 
ated if an I/O instruction is attempted when the GPL 
of the task is less privileged then the IOPL The 
IOPL is stored in bits 13 an#14 of the EFLAGS reg- 
ister. The following instructions cause an exception 
13 if the CPL is greater than IOPL: IN, INS, OUT, 
OUTS, STI,CLI, LOCK prefix. 

Descriptor Access 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. Deter- 
mining the ability of a task to access a segment in- 
volves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL as described above. 

Any time an instruction loads a data segment regis- 
ter (DS, ES, FS, GS) the 386SX Microprocessor 
makes protection validation checks. Selectors load- 
ed in the DS, ES, FS, GS registers must refer only to 
data segment or readable code segments. 



Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen- 
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In- 
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg- 
ments. The DPL and RPL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 13. A stack not present fault 
causes an exception 1 2. 

PRIVILEGE LEVEL TRANSFERS 

Inter-segment control transfers occur when a selec- 
tor is loaded in the CS register, For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4,2. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in- 
terrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13. 
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Figure 4.8. 386SXTM Microprocessor TSS and TSS Registers 
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Figure 4.9. Sample I/O Permission Bit Map 



CALL GATES 

Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust- 
ed procedures. 

TASK SWITCHING 

A very important attribute of any multi-tasking/ multi- 
user operating system is its ability to rapidly switch 
between tasks or processes. The 386SX Microproc- 
essor directly supports this operation by providing a 
task switch instruction in hardware. The task switch 
operation saves the entire state of the machine (all 
of the registers, address space, and a link to the 
previous task), loads a new execution state, per- 
forms protection checks, and commences execution 
in the new task. Like transfer of control by gates, the 
task switch operation is invoked by executing an in- 
ter-segment JMP or CALL instruction which refers to 
a Task State Segment (TSS), or a task gate descrip- 
tor in the GDT or LDT. An INT n instruction, excep- 
tion, trap, or external interrupt may also invoke the 
task switch operation if there is a task gate descrip- 
tor in the associated IDT descriptor slot. 

The TSS descriptor points to a segment (see Figure 
4.8) containing the entire execution state. A task 
gate descriptor contains a TSS selector. The 386SX 
Microprocessor Supports both 286 and 386SX CPU 
TSSs. The limit of a 386SX Microprocessor TSS 
must be greater than 64H (2BH for a 286 TSS), and 
can be as large as 16 megabytes. In the additional 
TSS space, the operating system is free to store ad- 
ditional information such as the reason the task is 
inactive, time the task has spent running, or open 
files belonging to the task. 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
386SX Microprocessor called the Task State Seg- 
ment Register (TR). This register contains a selector 
referring to the task state segment descriptor that 
defines the current TSS. A hidden base and limit 
register associated with TSS descriptor are loaded 
whenever TR is loaded with a new selector. Return- 
ing from a task is accomplished by the IRET instruc- 
tion. When IRET is executed, control is returned to 



the task which was interrupted. The currently exe- 
cuting task's state is saved in the TSS and the old 
task state is restored from its TSS. 

Several bits in the flag register and machine status 
word (CRO) give information about the state of a 
task which is useful to the operating system. The 
Nested Task bit, NT, controls the function of the 
IRET instruction. If NT=0 the IRET instruction per- 
forms the regular return. If NT = 1 IRET performs a 
task switch operation back to the previous task. The 
NT bit is set or reset in the following fashion: 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An in- 
terrupt that does not cause a task switch will 
clear NT (The NT bit will be restored after exe- 
cution of the interrupt handler). NT may also be 
set or cleared by POPF or IRET instructions. 

The 386SX Microprocessor task state segment is 
marked busy by changing the descriptor type field 
from TYPE 9 to TYPE OBH. A 286 TSS is marked 
busy by changing the descriptor type field from 
TYPE 1 to TYPE 3. Use of a selector that references 
a busy task state segment causes an exception 13. 

the VM (Virtual Mode) bit is used to indicate if a task 
is st virtual 8086 task. If VM = 1 then the tasks will 
use5 the Real Mode addressing mechanism. The vir- 
tual 8086 environment is only entered and exited by 
a task switch. 

The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CRO register helps deal with the coproces- 
sor's state in a multi-tasking environment. Whenever 
the 386SX Microprocessor switches task, it sets the 
TS bit. The 386SX Microprocessor detects the first 
use of a processor extension instruction after a task 
switch and causes the processor extension not 
available exception 7. The exception handler for ex- 
ception 7 may then decide whether to save the state 
of the poprocessor. 

The T bit in the 386SX Microprocessor TSS indi- 
cates that the processor should generate a debug 
exception when switching to a task. If T=1 then 
upon entry to a new task a debug exception 1 will be 
generated. 
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INITIALIZATION AND TRANSITION TO 
PROTECTED MODE 

Since the 386SX Microprocessor begins executing 
in Real Mode immediately after RESET it is neces- 
sary to initialize the system tables and registers with 
the appropriate values. The GDT and IDT registers 
must refer to a valid GDT and IDT. The IDT should 
be at least 256 bytes long, and the GDT must con- 
tain descriptors for the initial code and data seg- 
ments. 

Protected Mode is enabled by loading CRO with PE 
bit set. This can be accomplished by using the MOV 
CRO, R/M instruction. After enabling Protected 
Mode, the next instruction should execute an inter- 
segment JMP to load the CS register and flush the 
instruction decode queue. The final step is to load all 
of the data segment registers with the initial selector 
values. 

An alternate approach to entering Protected Mode is 
to use the built in task-switch to load all of the regis- 
ters. In this case the GDT would contain two TSS 
descriptors in addition to the code and data descrip- 
tors needed for the first task. The first JMP instruc- 
tion in Protected Mode would jump to the TSS caus- 
ing a task switch and loading all of the registers with 
the values stored in the TSS. The Task State Seg- 
ment Register should be initialized to point to a valid 
TSS descriptor. 



4.4 Paging 

Paging is another type of memory management use- 
ful for virtual memory multi-tasking operating sys- 
tems. Unlike segmentation, which modularizes pro- 
grams and data into variable length segments, pag- 
ing divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
structure of a program. While segment selectors can 
be considered the logical 'name' of a program mod- 
ule or data structure, a page most likely corresponds 
to only a portion of a module or data structure. 

PAGE ORGANIZATION 

The 386SX Microprocessor uses two levels of tables 
to translate the linear address (from the segmenta- 
tion unit) into a physical address. There are three 
components to the paging mechanism of the 386SX 
Microprocessor: the page directory, the page tables, 
and the page itself (page frame). All memory-resi- 
dent elements of the 386SX Microprocessor paging 
mechanism are the same size, namely 4K bytes. A 
uniform size for all of the elements simplifies memo- 
ry allocation and reallocation schemes, since there 
is no problem with memory fragmentation. Figure 
4.10 shows how the paging mechanism works. 
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Figure 4.10. Paging Mechanism 
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Figure 4.1 1. Page Directory Entry (Points to Page Table) 
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Figure 4.12. Page Table Entry (Points to Page) 



Page Fault Register 



CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
Page Fault detected. 

Page Descriptor Base Register 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory (this value is truncated to a 24-bit 
value associated with the 386SX CPU's 16 mega- 
byte physical memory limitation). The lower 12 bits 
of CR3 are always zero to ensure that the Page Di- 
rectory is always page aligned. Loading it with a 
MOV CR3, reg instruction causes the page table en- 
try cache to be flushed, as will a task switch through 
a TSS which changes the value of CRO. 

Page Directory 

The Page Directory is 4k bytes long and allows up to 
1 024 page directory entries. Each page directory en- 
try contains information about the page table and 
the address of the next level of tables, the Page 
Tables. The contents of a Page Directory Entry are 
shown in figure 4.1 1. The upper 10 bits of the linear 
address (A31-A22) are used as an index to select 
the correct Page Directory Entry. 

The page table address contains the upper 20 bits 
of a 32-bit physical address that is used as the base 
address for the next set of tables, the page tables. 
The lower 12 bits of the page table address are zero 
so that the page table addresses appear on 4 kbyte 
boundaries. For a 386 CPU system the upper 20 bits 
will select one of 2 20 page tables, but for an 386SX 
Microprocessor system the upper 20 bits only select 
one of 2 12 page tables. Again, this is because the 
386SX Microprocessor is limited to a 24-bit physical 
address and the upper 8 bits (A24-A31) are truncat- 
ed when the address is output on its 24 address 
pins. 

Page Tables 

Each Page Table is 4K bytes long and allows up to 
1 024 Page table Entries. Each page table entry con- 
tains information about the Page Frame and its ad- 



dress. The contents of a Page Table Entry are 
shown in figure 4.12. The middle 10 bits of the linear 
address (A21-A12) are used as an index to select 
the correct Page Table Entry. 

The Page Frame Address contains the upper 20 bits 
of a 32-bit physical address that is used as the base 
address for the Page Frame. The lower 12 bits of the 
Page Frame Address are zero so that the Page 
Frame addresses appear on 4 kbyte boundaries. For 
an 386 CPU system the upper 20 bits will select one 
of 2 20 Page Frames, but for an 386SX Microproces- 
sor system the upper 20 bits only select one of 2 12 
Page Frames. Again, this is because the 386SX Mi- 
croprocessor is limited to a 24-bit physical address 
space and the upper 8 bits (A24-A31) are truncated 
when the address is output on its 24 address pins. 

Page Directory /Table Entries 

The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively, the P 
(Present) bit indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 , the entry can be used for address translation. 
If P = 0, the entry cannot be used for translation. All 
of the other bits are available for use by the soft- 
ware. For example, the remaining 31 bits couid be 
used to indicate where on disk the page is stored. 

The A (Accessed) bit is set by the 386SX CPU for 
both types of entries before a read or write access 
occurs to an address covered by the entry. The D 
(Dirty) bit is set to 1 before a write to an address 
covered by that page table entry occurs. The D bit is 
undefined for Page Directory Entries. When the P, A 
and D bits are updated by the 386SX CPU, the proc- 
essor generates a Read- Modify-Write cycle which 
locks the bus and prevents conflicts with other proc- 
essors or peripherals. Software which modifies 
these bits should use the LOCK prefix to ensure the 
integrity of the page tables in multi-master systems. 

The 3 bits marked system software definable in Fig- 
ures 4.11 and Figure 4.12 are software definable. 
System software writers are free to use these bits 
for whatever purpose they wish. 
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PAGE LEVEL PROTECTION (R/W, U/S BITS) 

The 386SX Microprocessor provides a set of protec- 
tion attributes for paging systems. The paging mech- 
anism distinguishes between two levels of protec- 
tion: User, which corresponds to level 3 of the seg- 
mentation based protection, and supervisor which 
encompasses all of the other protection levels (0, 1, 
2). Programs executing at Level 0, 1 or 2 bypass the 
page protection, although segmentation-based pro- 
tection is still enforced by the hardware. 

The U/S and R/W bits are used to provide User/Su- 
pervisor and Read /Write protection for individual 
pages or for all pages covered by a Page Table Di- 
rectory Entry. The U/S and R/W bits in the second 
level Page Table Entry apply only to the page de- 
scribed by that entry. While the U/S and R/W bits in 
the first level Page Directory Table apply to all pages 
described by the page table pointed to by that direc- 
tory entry. The U/S and R/W bits for a given page 
are obtained by taking the most restrictive of the U/ 
S and R/W from the Page Directory Table Entries 
and using these bits to address the page. 

TRANSLATION LOOKASIDE BUFFER 

The 386SX Microprocessor paging hardware is de- 
signed to support demand paged virtual memory 
systems. However, performance would degrade 
substantially if the processor was required to access 
two levels of tables for every memory reference. To 
solve this problem, the 386SX Microprocessor 
keeps a cache of the most recently accessed pages, 
this cache is called the Translation Lookaside Buffer 
(TLB). The TLB is a four-way set associative 32-en- 
try page table cache. It automatically keeps the most 
commonly used page table entries in the processor. 
The 32-entry TLB coupled with a 4K page size re- 
sults in coverage of 128K bytes of memory address- 
es. For many common multi-tasking systems, the 
TLB will have a hit rate of greater than 98%. This 
means that the processor will only have to access 
the two-level page structure for less than 2% of all 
memory references. 

PAGING OPERATION 

The paging hardware operates in the following fash- 
ion. The paging unit hardware receives a 32-bit lin- 
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en- 
tries in the TLB to determine if there is a match. If 
there is a match (i.e. a TLB hit), then the 24-bit phys- 
ical address is calculated and is placed on the ad- 
dress bus. 

If the page table entry is not in the TLB, the 386SX 
Microprocessor will read the appropriate Page Direc- 
tory Entry. If P= 1 on the Page Directory Entry, indi- 
cating that the page table is in memory, then the 
386SX Microprocessor will read the appropriate 



Page Table Entry and set the Access bit. If P = 1 on 
the Page Table Entry, indicating that the page is in 
memory, the 386SX Microprocessor will update the 
Access and Dirty bits as needed and fetch the oper- 
and. The upper 20 bits of the linear address, read 
from the page table, will be stored in the TLB for 
future accesses. If P=0 for either the Page Directo- 
ry Entry or the Page Table Entry, then the processor 
will generate a page fault Exception 1 4. 

The processor will also generate a Page Fault (Ex- 
ception 14) if the memory reference violated the 
page protection attributes. CR2 will hold the linear 
address which caused the page fault. Since Excep- 
tion 14 is classified as a fault, CS:EIP will point to the 
instruction causing the page-fault. The 16-bit error 
code pushed as part of the page fault handler will 
contain status bits which indicate the cause of the 
page fault. 

The 1 6-bit error code is used by the operating sys- 
tem to determine how to handle the Page Fault. Fig- 
ure 4.13 shows the format of the Page Fault error 
code and the interpretation of the bits. Even though 
the bits in the error code (U/S, W/R, and P) have 
similar names as the bits in the Page Directory/Ta- 
ble Entries, the interpretation of the error code bits is 
different. Figure 4.14 indicates what type of access 
caused the page fault. 
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Figure 4.13. Page Fault Error Code Format 

U/S: The U/S bit indicates whether the access 
causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S - 0) 

W/R: The W/R bit indicates whether the access 
causing the fault was a Read (W/R = 0) or a Write 
(W/R = 1) 

P: The P bit indicates whether a page fault was 
caused by a not-present page (P = 0), or by a page 
level protection violation (P . = 1) 

U = Undefined 



U/S 


W/R 


Access Type 





1 
1 




1 



1 


Supervisor* Read 
Supervisor Write 
User Read 
User Write 



*Descriptor table access will fault with U/S = 0, even if 
the program is executing at level 3. / 

Figure 4.14. Type of Access Causing Page Fault 
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OPERATING SYSTEM RESPONSIBILITIES 

When the operating system enters or exits paging 
mode (by setting or resetting bit 31 in the CRO regis- 
ter) a short JMP must be executed to flush the 
386SX Microprocessor's prefetch queue. This en- 
sures that all instructions executed after the address 
mode change will generate correct addresses. 

The 386SX Microprocessor takes care of the page 
address translation process, relieving the burden 
from an operating system in a demand-paged sys- 
tem. The operating system is responsible for setting 
up the initial page tables and handling any page 
faults. The operating system also is required to inval- 
idate (i.e. flush) the TLB when any changes are 
made to any of the page table entries. The operating 
system must reload CR3 to cause the TLB to be 
flushed. 

Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper- 
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
systems sets the P (Present) bit of page table entry 
to zero. The TLB must be flushed by reloading CR3. 
Operating systems may want to take advantage of 
the fact that CR3 is stored as part of a TSS, to give 
every task or group of tasks its own set of page 
tables. 



dress mechanism and which programs use Protect- 
ed Mode addressing on a per task basis. Through 
the use of paging, the one megabyte address space 
of the Virtual Mode task can be mapped to any- 
where in the 4 gigabyte linear address space of the 
386SX Microprocessor. Like Real Mode, Virtual 
Mode addresses that exceed one megabyte will 
cause an exception 13. However, these restrictions 
should not prove to be important, because most 
tasks running in Virtual 8086 Mode will simply be 
existing 8086 application programs. 

PAGING IN VIRTUAL MODE 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec- 
tion and operating systerh isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo- 
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 

The paging hardware allows the 20-bit linear ad- 
dress produced by a Virtual Mode program to be 
divided into as many as 256 pages. Each one of the 
pages can be located anywhere within the maximum 
1 6 megabyte physical address space of the 386SX 
Microprocessor. In addition, since CR3 (the Page Di- 
rectory Base Register) is loaded by a task switch, 
each Virtual Mode task can use a different mapping 
scheme to map pages to different physical locations. 
Finally, the paging hardware allows the sharing of 
the 8086 operating system code between multiple 
8086 applications. 



4.5 Virtual 8086 Environment 

The 386SX Microprocessor allows the execution of 
8086 application programs in both Real Mode and in 
the Virtual 8086 Mode. The Virtual 8086 Mode al- 
lows the execution of 8086 applications, while still 
allowing the system designer to take full advantage 
of the 386SX CPU's protection mechanism. 

VIRTUAL 8086 ADDRESSING MECHANISM 

One of the major differences between 386SX CPU 
Real and Protected modes is how the segment se- 
lectors are interpreted. When the processor is exe- 
cuting in Virtual 8086 Mode, the segment registers 
are used in a fashion identical to Real Mode. The 
contents of the segment register are shifted left 4 
bits and added to the offset to form the segment 
base linear address. 

The 386SX Microprocessor allows the operating 
system to specify which programs use the 8086 ad- 



PROTECTION AND I/O PERMISSION BIT MAP 

All Virtual Mode programs execute at privilege level 
3. As such, Virtual Mode programs are subject to all 
of the protection checks defined in Protected Mode. 
This is different than Real Mode, which implicitly is 
executing at privilege level 0. Thus, an attempt to 
execute a privileged instruction in Virtual Mode will 
cause an exception 13 fault. 

The following are privileged instructions, which may 
be executed only at Privilege Level 0. Attempting to 
execute these instructions in Virtual 8086 Mode (or 
anytime CPL^ 0) causes an exception 13 fault: 



LIDT; MOVDRn.REG; 
LGDT; MOVTRn,reg; 
LMSW; MOVCRn.reg; 

CLTS; 
HLT; 



MOVreg.DRn; 
MOV regJRn; 
MOV reg.CRn; 
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Several instructions, particularly thpse applying to 
the multitasking and the protection model, are avail- 
able only in Protected Mode. Therefore, attempting 
to execute the following instructions in Real Mode or 
in Virtual 8086 Mode generates an exception 6 fault: 

LTR; STR; 

LLDT; SLDT; 

LAR; VERR; 

LSL; VERW; 
ARPL; 

The instructions which are IOPL sensitive in Protect- 
ed Mode are: 

IN; STI; 
OUT; CLI 
INS; 
OUTS; 
REP INS; 
REP OUTS; 

In Virtual 8086 Mode the following instructions are 
lOPL-sensitive: 

INT n; STI; 
PUSHF; CLI; 
POPF; IRET; 

The PUSHF, POPF, and IRET instructions are IOPL- 
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag to be virtualized to the virtual 8086 
Mode program. The INT n software interrupt instruc- 
tion is also lOPL-sensitive in Virtual 8086 mode. 
Note that the INT 3, INTO, and BOUND instructions 
are not lOPL-sensitive in Virtual 8086 Mode. 

The I/O instructions that directly refer to addresses 
in the processor's I/O space are IN, INS, OUT, and 
OUTS. The 386SX Microprocessor has the ability to 
selectively trap references to specific I/O address- 
es. The structure that enables selective trapping is 
the I/O Permission Bit Map in the TSS segment (see 
Figures 4.8 and 4.9). The I/O permission map is a bit 
vector. The size of the map and its location in the 
TSS segment .are variable. The processor locates 
the I/O permission map by means of the I/O map 
base field in the fixed portion of the TSS. The I/O 
map base field is 16 bits wide and contains the off- 
set of the beginning of the I/O permission map. 

In protected mode when an I/O instruction (IN, INS, 
OUT or OUTS) js encountered, the processor first 
checks whether bPL^IOPL. If this condition is true, 
the I/O operation may proceed. If not true, the proc- 
essor checks the I/O permission map (in Virtual 
8086 Mode, the processor consults the map without 
regard for the IOPL). 



Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
I/O map base +5, bit offset 1. The processor tests 
all the bits that correspond to the I/O addresses 
spanned by an I/O operation; for example, a double 
word operation tests four bits corresponding to four 
adjacent byte addresses. If any tested bit is set, the 
processor signals a general protection exception. If 
all the tested bits are zero, the I/O operations may 
proceed. 

It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one- 
bits in the map. The I/O map base should be at 
least one byte less than the TSS limit, the last byte 
beyond the I/O mapping information must contain 
aid's. 

Because the I/O permission map is in the TSS seg- 
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task's TSS. 

IMPORTANT IMPLEMENTATION NOTE: Beyond 
the last byte of I/O mapping information in the I/O 
permission bit map must be a byte containing all 1 's. 
The byte of all 1 's must be within the limit of the 
386SX CPU TSS segment (see Figure 4.8). 

Interrupt Handling 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mc-de are han- 
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi- 
lege change back to the host 386SX Microprocessor 
operating system. The 386SX Microprocessor oper- 
ating system determines if the interrupt comes from 
a Protected Mode application or from a Virtual Mode 
program by examining the VM bit in the EFLAGS 
image stored on the stack. 

When a Virtual Mode program is interrupted and ex- 
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The 386SX Microprocessor operating system in turn 
handles the exception or interrupt and then returns 
control to the 8086 program. The 386S)( Microproc- 
essor operating system may choose to let the 8086 
operating system handle the interrupt or it may emu- 
late the function of the interrupt handler. For exam- 
ple, many 8086 operating system calls are accessed 
by PUSHing parameters on the stack, and then exe- 
cuting an INT n instruction. If the IOPL Is set to 
then all INT n instructions will be intercepted by the 
386SX Microprocessor operating system. 



4-389 



infer 



386SXTM MICROPROCESSOR 



P»0liM«f 



An 386SX Microprocessor operating system can 
provide a Virtual 8086 Environment which is totally 
transparent to the application software by intercept- 
ing and then emulating 8086 operating system's 
calls, and intercepting IN and OUT instructions. 

Entering and Leaving Virtual 8086 Mode 

Virtual 8086 mode is entered by executing a 32-bit 
IRET instruction at CPL = where the stack has a 1 
in the VM bit of its EFLAGS image, or a Task Switch 
(at any CPL) to a 386SX Microprocessor task whose 
386SX CPU TSS has a EFLAGS image containing a 
1 in the VM bit position while the processor is exe- 
cuting in the Protected Mode. POPF does not affect 
the VM bit but a PUSHF always pushes a in the 
VM bit. 

The transition out of virtual 8086 mode to protected 
mode occurs only on receipt of an interrupt or ex- 
ception. In Virtual 8086 mode, all interrupts and ex- 
ceptions vector through the protected mode IDT, 
and enter an interrupt handler in protected mode. As 
part of the interrupt processing the VM bit is cleared. 

Because the matching IRET must occur from level 0, 
Interrupt or Trap Gates used to field an interrupt or 
exception out of Virtual 8086 mode must perform an 
inter-level interrupt only to level 0. Interrupt or Trap 
Gates through conforming segments, or through 
segments with DPL>0, will raise a GP fault with the 
CS selector as the error code. 

Task Switches To/From Virtual 8086 Mode 

Tasks which can execute in virtual 8086 mode must 
be described by a TSS with the 386SX CPU format 
(type 9 or 1 1 descriptor). A task switch out of virtual 
8086 mode will operate exactly the same as any oth- 
er task switch out of a task with a 386SX CPU TSS. 
All of the programmer visible state, including the 
EFLAGS register with the VM bit set to 1 , is stored in 
the TSS. The segment registers in the TSS will con- 
tain 8086 segment base values rather than selec- 
tors ;' ":; ^ - ■. 

A task switch into a task described by a 386SX CPU 
TSS will have an additional check to determine if the 
incoming task should be resumed in virtual 8086 
mode. Tasks described by 286 format TSSs cannot 
be resumed in virtual 8086 mode, so no check is 
required there (the FLAGS image in 286 format TSS 
has only the low brder 16 FLAGS bits). Before load- 
ing the segment register images from a 386SX CPU 
TSS, the FLAGS image is loaded, so that the seg- 
ment registers are loaded from the TSS image ais 
8086 segment base values. The task is now ready to 
resume in virtual 8086 mode. 



Transitions Through Trap and Interrupt Gates, 
and IRET 

A task switch is one way to enter or exit virtual 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use a 386SX CPU Trap Gate 
(Type 14), or 386SX CPU Interrupt Gate (Type 15), 
which must point to a non-conforming level .0 seg- 
ment (DPL= 0) in order to permit the trap handler to 
IRET back to the Virtual 8086 program. The Gate 
must point to a non-conforming level segment to 
perform a level switch to level so that the matching 
IRET can change the VM bit. 386SX CPU gates 
must be used since 286 gates save only the low 16 
bits of the EFLAGS register (the VM bit will not be 
saved). Also, the 16-bit IRET used to terminate the 
286 interrupt handler will pop only the lower 16 bits 
from FLAGS, and will not affect the VM bit. The ac- 
tion taken for a 386SX CPU Trap or Interrupt gate if 
an interrupt occurs while the task is executing in vir- 
tual 8086 mode is given by the following sequence: 

1. Save the FLAGS register in a temp to push later. 
Turn off the VM, TF, and IF bits. 

2. Interrupt and Trap gates must perform a level 
switch from 3 (where the Virtual 8086 Mode pro- 
gram executes) to level (so IRET can return). 

3. Push the 8086 segment register values onto the 
new stack* in this order: GS, FS, DS, ES. These 
are pushed as 32-bit quantities. Then load these 4 
registers with null selectors (0). 

4. Push the old 8086 stack pointer onto the new 
stack by pushing the SS register (as 32-bits), then 
pushing the 32-bit ESP register saved above. 

5. Push the 32-bit EFLAGS register saved in step 1 . 

6. Push the old 8086 instruction onto the new stack 
by pushing the CS register (as 32-bits), then push- 
ing the 32-bit El P register. 

7. Load up the new CS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine 
in protected mode. 

The transition out of V86 mode performs a level 
change and stack switch, in addition to changing 
back to protected mode. Also all of the 8086 seg- 
ment register images are stdred on the stack (be- 
hind the SS.ESP image), and then loaded with null 
(0) selectors before entering the interrupt handler. 
This will permit the handler to safely save and re- 
store the DS, ES, FS, and GS registers as 286 selec- 
tors. This is needed so that interrupt handlers which 
don't care about the mode of the interrupted pro- 
gram can use the same prologue and epilogue code 
for state saving regardless of whether or not a 'na- 
tive' mode or Virtual 8086 Mode program was inter- 
rupted. Restoring null selectors to these registers 
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before executing the I RET will cause a trap in the 
interrupt handler. Interrupt routines which expect or 
return values in the segment registers will have to 
obtain/return values from the 8086 register images 
pushed onto the new stack. They will need to know 
the mode of the interrupted program in order to 
know where to find/return segment registers, and 
also to know how to interpret segment register val- 
ues. 

The I RET instruction will perform the inverse of the 
above sequence. Only the extended IRET instruc- 
tion (operand size =32) can be used and must be 
executed at level to change the VM bit to 1 . 

1 . If the NT bit in the FLAGS register is on, an inter- 
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the in- 
terrupted task which is to be resumed. Otherwise, 
continue with the following sequence: 

2. Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value ac- 
tive in the interrupted routine. 

3. Pop off the instruction pointer CS:EIP. EIP is 
popped first, then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM = 0, this CS load is done as a protected mode 
segment load. If VM = 1, this will be done as an 
8086 segment load. 

4. Increment the ESP register by 4 to bypass the 
FLAGS image which was 'popped' in step 1 . 

5. If VM = 1 , load segment registers ES, DS, FS, and 
GS from memory locations SS:[ESP + 8], 
SS: [ESP + 12], SS: [ESP + 1 6] , and 
SS:[ESP = 20], respectively, where the new value 
of ESP stored in step 4 is used. Since VM = 1, 
these are done as 8086 segment register loads. 

Else if VM = 0, check that the selectors in ES, DS, 
FS, and GS are valid in the interrupted routine. 
Null out invalid selectors to trap if an attempt is 
made to access through them. 

6. If RPL(CS)>CPL, pop the stack pointer SS:ESP 
from the stack. The ESP register is popped first, 
followed by 32-bits containing SS in the lower 16 
bits. If VM = 0, SS is loaded as a protected mode 
segment register load. If VM = 1, an 8086 seg- 
ment register load is used. 

7. Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter- 
mines whether the processor resumes the inter- 
rupted routine in Protected mode or Virtual 8086 
Mode. 



5.0 FUNCTIONAL DATA 

The 386SX Microprocessor features a straightfor- 
ward functional interface to the external hardware. 
The 386SX Microprocessor has separate parallel 
buses for data and address. The data bus is 16-bits 
in width, and bi-directional. The address bus outputs 
24-bit address values using 23 address lines and 
two byte enable signals. 

The 386SX Microprocessor has two selectable ad- 
dress bus cycles: address pipelined and non-ad- 
dress pipelined. The address pipelining option al- 
lows as much time as possible for data access by 
starting the pending bus cycle before the present 
bus cycle is finished. A non-pipelined bus cycle 
gives the highest bus performance by executing ev- 
ery bus cycle in two processor CLK cycles. For maxi- 
mum design flexibility, the address pipelining option 
is selectable on a cycle-by-cycle basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 386SX Micro- 
processor bus cycles perform data transfer in a mini- 
mum of only two clock periods. The maximum trans- 
fer bandwidth at 16 MHz is therefore 16 Mbytes/ 
sec. However, any bus cycle will be extended for 
more than two clock periods if external hardware 
withholds acknowledgement of the cycle. 

The 386SX Microprocessor can relinquish control of 
its local buses to allow mastership by other devices, 
such as direct memory access (DMA) channels. 
When relinquished, HLDA is the only output pin driv- 
en by the 386SX Microprocessor, providing near- 
complete isolation of the processor from its system 
(all other output pins are in a float condition). 



5.1 Signal Description Overview 

Ahead is a brief description of the 386SX Microproc- 
essor input and output signals arranged by function- 
al groups. Note the # symbol at the end of a signal 
name indicates the active, or asserted, state occurs 
when the signal is at a LOW voltage. When no # is 
present after the signal name, the signal is asserted 
when at the HIGH voltage level. 

Example signal: M/IO#— HIGH voltage indicates 
Memory selected 

— LOW voltage indicates 
I/O selected 

The signal descriptions sometimes refer to AC tim- 
ing parameters, such as I25 Reset Setup Time* and 
't£6 Reset Hold Time.' The values of these parame- 
ters can be found in Table 7.4. 
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CLOCK (CLK2) 

CLK2 provides the fundamental timing for the 386SX 
Microprocessor. It is cpvided by two internally to gen- 
erate the internal processor clock used for instruc- 
tion execution. The internal clock is comprised of 
two phases, -phase one' and 'phase two'. Each 
CLK2 period is a phase of the internal clock. Figure 
5.2 illustrates the relationship. If desired, the phase 
of the internal processor clock can be synchronized 
to a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times- 125 and t26- 



DATA BUS (p 15 ^D ) 

These three-state bidirectional signals provide the 
general purpose data path between the 386SX Mi- 
croprocessor and other devices: The data bus out- 
puts are active HIGH and will float during bus hold 
acknowledge. Data bus reads require that read-data 
setup and hold times t£t and X22 be met relative to 
CLK2 for correct operation. 
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Figure 5.1. Functional Signal Groups 
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Figure 5.2. CLK2 Signal and internal Processor Clock 
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ADDRESS BUS (A 23 -Ai, BHE#, BLE#) 

These three-state outputs provide physical memory 
addresses or I/O port addresses. A23-A16 are LOW 
during I/O transfers except for I/O transfers auto- 
matically generated by coprocessor instructions. 
During coprocessor I/O transfers, A22-A-16 are driv- 
en LOW, and A23 is driven HIGH so that this ad- 
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the I/O address 
driven by the 386SX Microprocessor for coproces- 
sor commands is 8000F8H, the I/O addresses driv- 
en by the 386SX Microprocessor for coprocessor 
data are 8000FCH or 8000FEH for cycles to the 
80387SX. 

The address bus is capable of addressing 1 6 mega- 
bytes of physical memory space (000000H through 
FFFFFFH), and 64 kilobytes of I/O address space 
(000000H through OOFFFFH) for programmed I/O. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 

The Byte Enable outputs, BHE# and BLE#, directly 
indicate which bytes of the 16-bit data bus are in- 
volved with the current transfer. BHE# applies to 
D 15 -D 8 and BLE# applies to D 7 -D . If both BHE# 
and BLE# are asserted, then 16 bits of data are 
being transferred. See Table 5.1 for a complete de- 
coding of these signals. The byte enables are active 
LOW and will float during bus hold acknowledge. 

BUS CYCLE DEFINITION SIGNALS (W/R#, D/ 
C#, M/IO#, LOCK#) 

These three-state outputs define the type of bus cy- 
cle being performed: W/R# distinguishes between 



write and read cycles, D/C# distinguishes between 
data and control cycles, M/IO# distinguishes be- 
tween memory and I/O cycles, and LOCK# distin- 
guishes between locked and unlocked bus cycles. 
Ail of these signals are active LOW and will float 
during bus acknowledge. 

The primary bus cycle definition signals are W/R#, 
D/C# and M/IO#, since these are the signals driv- 
en valid as ADS# (Address Status output) becomes 
active. The LOCK# is driven valid at the same time 
the bus cycle begins, which due to address pipelin- 
ing, could be after ADS# becomes active. Exact bus 
cycle definitions, as a function of W/R#, D/C#, and 
M/IO# are given in Table 5.2. 

LOCK# indicates that other system bus masters are 
not to gain control of the system bus while it is ac- 
tive. LOCK# is activated on the CLK2 edge that be- 
gins the first locked bus cycle (i.e., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned at the end 
of the last bus cycle which is to be locked. The be- 
ginning of a bus cycle is determined when READY # 
is returned in a previous bus cycle and another is 
pending (ADS# is active) or the clock in which 
ADS# is driven active if the bus was idle. This 
means that it follows more closely with the write 
data rules when it is valid, but may cause the bus to 
be locked longer than desired. The LOCK# signal 
may be explicitly activated by the LOCK prefix on 
certain instructions. LOCK# is always asserted 
when executing the XCHG instruction, during de- 
scriptor updates, and during the interrupt acknowl- 
edge sequence. 





Table 5.1. Byte Enable Definitions 


BHE# 


BLE# 


Function 




1 
1 



1 

1 


Word Transfer 

Byte transfer on upper byte of the data bus, D1 5-D8 
Byte transfer on lower byte of the data bus, D7-D0 
Never occurs 







Table 5.2. Bus Cycle Definition 




M/IO# 


D/C# 


W/R# 


Bus Cycle Type 


Locked? 











1 


Interrupt Acknowledge 
does not occur 


Yes 





1 





I/O Data Read 


No 





1 


1 


I/O Data Write 


No 


1 
1 








1 


Memory Code Read 
Halt: Shutdown: 
Address = 2 Address = 
BHE# = 1 BHE# = 1 
BLE# = BLE# = 


No 
No 


1 
1 


1 
1 




1 


Memory Data Read 
Memory Data Write 


Some Cycles 
Some Cycles 
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BUS CONTROL SIGNALS (ADS #, READY #, 
NA#) 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 



Address Status (ADS #) 

This three-state output indicates that a valid bus cy- 
cle definition and address (W/R#, D/C#, M/IO#, 
BHE#, BLE# and A23-A1) are being driven at the 
386SX Microprocessor pins. ADS# is an active 
LOW output. Once ADS# is driven active, valid ad- 
dress, byte enables, and definition signals will not 
change. In addition, ADS# will remain active until its 
associated bus cycle begins (when READY # is re- 
turned for the previous bus cycle when running pipe- 
lined bus cycles). When address pipelining is uti- 
lized, maximum throughput is achieved by initiating 
bus cycles when ADS # and READY # are active in 
the same clock cycle. ADS# will float during bus 
hold acknowledge. See sections Non-Pipelined Ad- 
dress (page 49) and Pipelined Address (page 50) 
for additional information on how ADS # is asserted 
for different bus states. 



Transfer Acknowledge (READY #) 

This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by BHE# and 
BLE# are accepted or provided. When READY # is 
sampled active during a read cycle or interrupt ac- 
knowledge cycle, the 386SX Microprocessor latches 
the input data and terminates the cycle. When 
READY # is sampied active during a write cycle, the 
processor terminates the bus cycle. 

READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY # must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica- 
tion and Shutdown Indication bus cycles. When be- 
ing sampled, READY # must always meet setup and 
hold times t-j 9 and t2o for correct operation. 



Next Address Request (NA#) 

This is used to request address pipelining. This input 
indicates the system is prepared to accept new val- 
ues of BHE#, BLE#, A23-AL W/R#, D/C# and 
M/IO# from the 386SX Microprocessor even if the 
end of the current cycle is not being acknowledged 
on READY #. If this input is active when sampled, 
the next address is driven onto the bus, provided the 
next bus request is already pending internally. NA# 
is ignored in OLK cycles in which ADS# or READY # 



is activated. This signal is active LOW and must sat- 
isfy setup and hold times t-jg and t^ for correct op- 
eration. See Pipelined Address (page 50) and 
Read and Write Cycles (page 47) for additional in- 
formation. 



BUS ARBITRATION SIGNALS (HOLD, HLDA) 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge (page 
57) for additional information. 



Bus Hold Request (HOLD) 

This input indicates some device other than the 
386SX Microprocessor requires bus mastership. 
When control is granted, the 386SX Microprocessor 
floats A 2 3-A 1 ,BHE#, BLE#, D 15 -D , LOCK#, M/ 
IO#, D/C#, W/R# and ADS #, and then activates 
HLDA, thus entering the bus hold acknowledge 
state. The local bus will remain granted to the re- 
questing master until HOLD becomes inactive. 
When HOLD becomes inactive, the 386SX Micro- 
processor will deactivate HLDA and drive the local 
bus (at the same time), thus terminating the hold 
acknowledge condition. 

HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis- 
tors may be required when in the hold acknowledge 
state since none of the 386SX Microprocessor float- 
ed outputs have internal pull-up resistors. See 
Resistor Recommendations (page 64) for addi- 
tional information. HOLD is not recognized while RE- 
SET is active. If RESET is asserted while HOLD is 
asserted, RESET has priority and places the bus into 
an idle state, rather than the hold acknowledge 
(high-impedance) state. 

HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold times t23 and t24 for correct operation. 

Bus Hold Acknowledge (HLDA) 

When active (HIGH), this output indicates the 386SX 
Microprocessor has relinquished control of its local 
bus in response to an asserted HOLD signal, and is 
in the bus Hold Acknowledge state. 

The Bus Hold Acknowledge state offers near-com- 
plete signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
386SX Microprocessor. The other output signals or 
bidirectional signals (D15-D0, BHE#, BLE#, A23- 
A 1s W/R#, D/C#, M/IO#, LOCK# and ADS#) are 
in a high-impedance state so the requesting bus 
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master may control them. These pins remain OFF 
throughout the time that HLDA remains active (see 
Table 5.3)). Pull-up resistors may be desired on sev- 
eral signals to avoid spurious activity when no bus 
master is driving them. See Resistor Recommen- 
dations (page 64) for additional information. 

When the HOLD signal is made inactive, the 386SX 
Microprocessor will deactivate HLDA and drive the 
bus. One rising edge on the N Ml input is remem- 
bered for processing after the HOLD input is negat- 
ed. 

Table 5.3. Output pin State During HOLD 




Pin Value 


Pin Names 


1 
Float 


HLDA 

LOCK#, M/IO#, D/C#, W/R#, 

ADS#, A23-AL BHE#, BLE#, D 15 -D 



In addition to the normal usage of Hold Acknowl- 
edge with DMA controllers or master peripherals, 
the near-complete isolation has particular attractive- 
ness during system test when test equipment drives 
the system, and in hardware fault-tolerant applica- 
tions. 

HOLD Latencies 

The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la- 
tency at any time depends on the current bus activi- 
ty, the state of the LOCK# signal (internal to the 
CPU) activated by the LOCK# prefix, and interrupts. 
The 386SX Microprocessor will not honor a HOLD 
request until the current bus operation is complete. 
Table 5.4 shows the types of bus operations that 
can affect HOLD latency, and indicates the types of 
delays that these operations may introduce. When 
considering maximum HOLD latencies, designers 
must select which of these bus operations are possi- 
ble, and then select the maximum latency from 
among them. 

The 386SX Microprocessor breaks 32-bit data or 
I/O accesses into 2 internally locked 16-bit bus cy- 
cles; the LOGK# signal is not asserted. The 386SX 
Microprocessor breaks unaligned 16-bit or 32-bit 
data or I/O accesses into 2 or 3 internally locked 1 6- 
bit bus cycles. Again, the LOCK# signal is not as- 
serted but a HOLD request will not be recognized 
until the end of the entire transfer. 

As indicated in Table 5.4, wait states affect HOLD 
latency. The 386SX Microprocessor will not honor a 
HOLD request until the end of the current bus opera- 
tion, no matter how many wait states are required. 
Systems with DMA where data transfer is critical 
must insure that READY # returns sufficiently soon. 



Table 5.4. Locked Bus Operations Affecting 
HOLD Latency in Systems Clocks 

COPROCESSOR INTERFACE SIGNALS (PEREQ, 
BUSY#, ERROR #) 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 386SX Microprocessor 
and its 80387SX processor extension. 

Coprocessor Request (PEREQ) 

When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans- 
ferred to/from memory by the 386SX Microproces- 
sor. In response, the 386SX Microprocessor trans- 
fers information between the coprocessor and 
memory. Because the 386SX Microprocessor has 
internally stored the coprocessor opcode being exe- 
cuted, it performs the requested data trahsfer with 
the correct direction and memory address. 

PEREQ is a level-sensitive active HIGH asynchro- 
nous signal. Setup and hold times, t29 and t3o, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 K-ohms to ground so that it will not float 
active when left unconnected. 



Coprocessor Busy (BUSY#) 

When asserted (LOW), this input indicates the co- 
processor is still executing an instruction, and is not 
yet able to accept another. When the 386SX Micro- 
processor encounters any coprocessor instruction 
which operates on the numerics stack (e.g. load, 
pop, or arithmetic operation), or the WAIT instruc- 
tion, this input is first automatically sampled until it is 
seen to be inactive. This sampling of the BUSY# 
input prevents overrunning the execution of a previ- 
ous coprocessor instruction. 

The FNINIT, FNSTENV, FNSAVE, FNSTSW, 
FNSTCW and FNCLEX coprocessor instructions are 
allowed to execute even if BUSY# is active, since 
these instructions are used for coprocessor initializa- 
tion and exception-clearing. / 

BUSY# is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times, t29 and t3o, rela- 
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tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 K-ohms to Vcc so that it will not float active when 
left unconnected. 

BUSY# serves an additional function. If BUSY# is 
sampled LOW at the falling edge of RESET, the 
386SX Microprocessor performs an internal self-test 
(see Bus Activity During and Following Reset, 
page 58). If BUSY# is sampled HIGH, no self-test is 
performed. 

Coprocessor Error (ERROR #) 

When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat- 
ically sampled by the 386SX Microprocessor when a 
coprocessor instruction is encountered, and if ac- 
tive, the 386SX Microprocessor generates exception 
16 to access the error-handling software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 386SX Microprocessor generating exception 16 
even if ERROR # is active. These instructions are 
FNINIT, FNCLEX, FNSTSW, FNSTSWAX, 
FNSTCW, FNSTENV and FNSAVE. 

ERROR # is an active LOW, level-sensitive asyn- 
chronous signal. Setup and hold times, t29 and t3o, 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 K-ohms to Vcc so that it will not float active when 
left unconnected. 



INTERRUPT SIGNALS (INTR, NMI, RESET) 

The following descriptions cover inputs that can in- 
terrupt or suspend execution of the processor's cur- 
rent instruction stream. 



Maskable Interrupt Request (INTR) 

When asserted, this input indicates a request for in- 
terrupt service, which can be masked by the 386SX 
CPU Flag Register IF bit. When the 386SX Micro- 
processor responds to the INTR input, it performs 
two interrupt acknowledge bus cycles and, at the 
end of the second, latches an 8-bit interrupt vector 
on D7-D0 to identify the source of the interrupt. 

iNTR is an active HIGH, level-sensitive asynchro- 
nous signal. Setup and hold times, ^27 and t^s. rela- 
tive to the CLK2 signal must be met to guarantee 



recognition at a particular clock edge. To assure rec- 
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction in the 386SX Microprocessor's Execution 
Unit. In order to be recognized at a particular instruc- 
tion boundary, INTR must be active at least eight 
CLK2 clock periods before the beginning of the in- 
struction. If recognized, the 386SX Microprocessor 
will begin execution of the interrupt. 

Non-Maskable Interrupt Request (NMI)) 

This input indicates a request for interrupt service 
which cannot be masked by software. The non- 
maskable interrupt request is always processed ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 

NMI is an active HIGH, rising edge-sensitive asyn- 
chronous signal. Setup and hold times, t27 and t28» 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec- 
ognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight 
CLK2 periods before the beginning of the instruction 
boundary in the 386SX Microprocessor's Execution 
Unit. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in- 
struction, which is typically the end of the NMI serv- 
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem- 
bered for processing after executing the next IRET 
instruction. 



Interrupt Latency 

The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to sev- 
eral factors. This delay must be taken into account 
by the interrupt source. Any of the following factors 
can affect interrupt latency: 

1. If interrupts are masked, an INTR request will not 
be recognized until interrupts are reenabled. 

2. If an NMJ is currently being serviced, an incoming 
NMI request will not be recognized until the 
386SX Microprocessor encounters the IRET in- 
struction. 

3. An interrupt request is recognized only on an in- 
struction boundary of the 386SX Microproces- 
sor's Execution Unit except for the following cas- 
es: ..'."'/ •. -..""..,..■; , 

— Repeat string instructions can be interrupted 
after each iteration. 
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— If the instruction loads the Stack Segment reg- 
ister, an interrupt is not processed until after 
the following instruction, which should be an 
ESP. This allows the entire stack pointer to be 
loaded without interruption. 

— If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 

The longest latency occurs when the interrupt re- 
quest arrives while the 386SX Microprocessor is 
executing a long instruction such as multiplication, 
division, or a task-switch in the protected mode. 

4. Saving the Flags register and CS:EIP registers. 

5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 

6. If the interrupt service routine saves registers that 
are not automatically saved by the 386SX Micro- 
processor. 

RESET 

This input signal suspends any operation in progress 
and places the 386SX Microprocessor in a known 
reset state. The 386SX Microprocessor is reset by 
asserting RESET for 1 5 or more CLK2 periods (80 or 
more CLK2 periods before requesting self-test). 
When RESET is active, all other input pins are ig- 
nored, and all other bus pins are driven to an idle 
bus state as shown in Table 5.5. If RESET and 
HOLD are both active at a point in time, RESET 
takes priority even if the 386SX Microprocessor was 
in a Hold Acknowledge state prior to RESET active. 

RESET is an active HIGH, level-sensitive synchro- 
nous signal. Setup and hold times, t25 and t26» must 
be met in order to assure proper operation of the 
386SX Microprocessor. 

Table 5.5. Pin State (Bus Idle) During Reset 



Pin Name 


Signal Level During Reset 


ADS# 


1 


Dl5-D 


Float 


BHE#,BLE# 





A23-A! 


1 


W/R# 





D/C# 


1 


M/IO# 





LOCK# 


, r 


HLDA 






physical address alignment. Any byte boundary may 
be usjed, although two physical bus cycles are per- 
formed as required for unaligned operand transfers. 

The 386SX Microprocessor address signals are de- 
signed to simplify external system hardware. Higher- 
order address bits are provided by A23-A1. BHE# 
and BLE# provide linear selects for the two bytes of 
the 16-bit data bus. 

Byte Enable outputs BHE# and BLE# are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 5.6. 

Table 5.6. Byte Enables and Associated Data 
and Operand Bytes 



Byte Enable 
Signal 


Associated Data Bus Signals 


BLE# 
BHE# 


D7-D0 
D 15 -D 8 


(byte — least significant) 
(byte 1 — most significant) 



5.2 Bus Transfer Mechanism 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 



Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See section 5.4 Bus 
Functional Description. 



5.3 Memory and I/O Spaces 

Bus cycles may access physical memory space or I/ 
space. Peripheral devices in the system may ei- 
ther be memory-mapped, or l/O-mapped, or both. 
As shown in Figure 5.3, physical memory addresses 
range from 000000H to OFFFFFFH (16 megabytes) 
and I/O addresses from 000000H to 00FFFFH (64 
kilobytes). Note the I/O addresses used by the auto- 
matic I/O cycles for coprocessor communication are 
8000F8H to 8000FFH, beyond the address range of 
programmed I/O, to allow easy generation of a co- 
processor chip select signal using the A23 and M/ 
IO# signals. 



5.4 Bus Functional Description 

The 386SX Microprocessor has separate, parallel 
buses for data and address. The data bus is 16-bits 
in width, and bidirectional. The address bus provides 
a 24-bit value using 23 signals for the 23 upper-order 
address bits and 2 Byte Enable signals to directly 
indicate the active bytes. These buses are interpret- 
ed and controlled by several definition signals. 

The definition of each bus cycle is given by three 
signals: M/l6#, W/R# and D/C#. At the same 
time, a vaJid address is present on the byte enable 
signals, BHE# and BLE#, and the other address 
signals A23-A1. A status signal, ADS#, indicates 
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Since A23 is HIGH during automatic communication with coprocessor, A23 HIGH and M/IO# LOW can be used to 
easily generate a coprocessor select signal. 

Figure 5.3. Physical Memory and I/O Spaces 
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Fastest non-pipelined bus cycles consist of T1 and T2 
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Figure 5.4. Fastest Read Cycles with Non-pipelined Address Timing 
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when the 386SX Microprocessor issues a new bus 
cycle definition and address. 

Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as 'the 
bus'. When active, the bus performs one of the bus 
cycles below: 

1 . Read from memory space 

2. Locked read from memory space 

3. Write to memory space 

4. Locked write to memory space 

5. Read from I/O space (or coprocessor) 

6. Write to I/O space (or coprocessor) 

7. Interrupt acknowledge (always locked) 

8. Indicate halt, or indicate shutdown 

Table 5.2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See Bus Cycle 
Definition Signals (page 40) for additional informa- 
tion. 



When the 386SX Microprocessor bus is not perform- 
ing one of the activities listed above, it is either Idle 
or in the Hold Acknowledge state, which may be de- 
tected externally. The idle state can be identified by 
the 386SX Microprocessor giving no further asser- 
tions on its address strobe output (ADS#) since the 
beginning of its most recent bus cycle, and the most 
recent bus cycle having been terminated. The hold 
acknowledge state is identified by the 386SX Micro- 
processor asserting its hold acknowledge (HLDA) 
output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 

The fastest 386SX Microprocessor bus cycle re- 
quires only two bus states. For example, three con- 
secutive bus read cycles, each consisting of two bus 
states, are shown by Figure 5.4. The bus states in 
each cycle are named T1 and T2. Any memory or I/ 
O address may be accessed by such a two-state 
bus cycle, if the external hardware is fast enough. 
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Fastest pipelined bus cycles consist of T1 P and T2P 



Figure 5.5. Fastest Read Cycles with Pipelined Address Timing 
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Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 386SX 
Microprocessor READY # input. Acknowledging the 
bus cycle at the end of the first 12 results in the 
shortest bus cycle, requiring only TV and T2. If 
READY # is not immediately asserted however, 12 
states are repeated indefinitely until the READY # 
input is sampled active. 

The address pipelining option provides a choice of 
bus cycle timings. Pipelined or non-pipelined ad- 
dress timing is selectable on a cycle-by-cycle basis 
with the Next Address (NA#) input. 

When address pipelining is selected the address 
(BHE#, BLE# and Aa3-Ai) and definition (W/R#, 
D/C#, M/IO# and LOCK#) of the next cycle are 
available before the end of the current cycle. To sig- 
nal their availability, the 386SX Microprocessor ad- 



dress status output (ADS#) is asserted. Figure 5.5 
illustrates the fastest read cycles with pipelined ad- 
dress timing. 

Note from Figure 5.5 the fastest bus cycles using 
pipelined address require only two bus states, 
named T1P and T2P. Therefore cycles with pipe- 
lined address timing allow the same data bandwidth 
as non-pipelined cycles, but address-to-data access 
time is increased by one T-state time compared to 
that of a non-pipelined cycle. 

READ AND WRITE CYCLES 

Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles, data is transferred from the 
processor to an external device. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 



Figure 5.6. Various Bus Cycles with Non-Pipelined Address (zero wait states) 
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Two choices of address timing are dynamically se- 
lectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined ad- 
dress timing. However the NA# (Next Address) in- 
put may be asserted to select pipelined address tim- 
ing for the next bus cycle. When pipelining is select- 
ed and the 386SX Microprocessor has a bus request 
pending internally, the address and definition of the 
next cycle is made available even before the current 
bus cycle is acknowledged by READY#. 

Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY # input. Until acknowledged, the processor 
inserts wait states into the bus cycle, to allow adjust- 
ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY # input at the appro- 
priate time. 



At the end of the second bus state within the bus 
cycle, READY # is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY #, the bus cycle terminates as shown in Fig- 
ure 5.6. If READY # is negated as in Figure 5.7, the 
386SX Microprocessor executes another bus state 
(a wait state) and READY # is sampled again at the 
end of that state. This continues indefinitely until the 
cycle is acknowledged by READY # asserted. 

When the current cycle is acknowledged, the 386SX 
Microprocessor terminates it. When a read cycle is 
acknowledged, the 386SX Microprocessor latches 
the information present at its data pins. When a write 
cycle is acknowledged, the 386SX CPU's write data 
remains valid throughout phase one of the next bus 
state, to provide write data hold time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 



Figure 5.7. Various Bus Cycles with Non-Pipelined Address (various number of wait states) 
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Non-Pipelined Address 

Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 5.6 shows a 
mixture of read and write cycles with non-pipelined 
address timing. Figure 5.6 shows that the fastest 
possible cycles with non-pipelined address have two 
bus states per bus cycle. The states are named T1 
and 12. In phase one of T1, the address signals and 
bus cycle definition signals are driven valid and, to 
signal their availability, address strobe (ADS #) is 
simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 386SX Microproc- 
essor floats its data signals to allow driving by the 
external device being addressed. The 386SX Micro- 
processor requires that ail data bus pins be at a 
valid logic state (HIGH or LOW) at the end of 
each read cycle, when READY # is asserted. The 
system MUST be designed to meet this require- 
ment. If the cycle is a write, data signals are driven 
by the 386SX Microprocessor beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgment. 



Figure 5.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY # is 
sampled inactive at the end of the first 12 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY # is 
sampled active. 

When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir- 
able to maintain non-pipelined address timing, it is 
necessary to negate NA# during each T2 state ex- 
cept the last one, as shown in Figure 5.7 Cycles 2 
and 3. If NA# is sampled active during a T2 other 
than the last one, the next state would be T2I or T2P 
instead of another T2. 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
5.8. The bus transitions between four possible 
states, T1 , T2, T„ and T^ Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth- 
erwise the bus may be idle, Tj, or in the hold ac- 
knowledge state Th- 



HOLD ASSERTED 




HOLD NEGATED 
NO REQUEST 



READY# NEGATED • 
NA# NEGATED 

Bus States: 

T1 — -first clock of a non-pipelined bus cycle (386SXTM CPU drives new address and asserts ADS#). 

T2— subsequent clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle. 

Ti— idle state. 

Th— hold acknowledge state (386SXTM CPU asserts HLDA). 

The fastest bus cycle consists of two states T1 and T2. 

Four basic bus states describe bus operation when not using pipelined address. 
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Figure 5.8. Bus States (not using pipelined address) 

4-402 



inteT 



386SXTM MICROPROCESSOR 



PCUMOIMV 



Bus cycles always begin with T1 . T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA# is inactive, T2 is repeated. When a cycle is 
acknowledged during T2, the following state will be 
T1 of the next bus cycle if a bus request is pending 
internally, or Tj if there is no bus request pending, or 
T n if the HOLD input is being asserted. 

Use of pipelined address allows the 386SX Micro- 
processor to enter three additional bus states not 
shown in Figure 5.8. Figure 5.12 on page 53 is the 
complete bus state diagram, including pipelined ad- 
dress cycles. 



Pipelined Address 

Address pipelining is the option of requesting the 
address and the bus cycle definition of the next in- 



ternally pending bus cycle before the current bus 
cycle is acknowledged with READY # asserted. 
ADS# is asserted by the 386SX Microprocessor 
when the next address is issued. The address pipe- 
lining option is controlled on a cycle-by-cycle basis 
with the NA# input signal. 

Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA# input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles NA# is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 5.9, during which NA# is sampled at the 
end of phase one of every T2 (it was asserted once 
during the first T2 and has no further effect during 
that bus cycle). 
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Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA# is only sampled 
during wait states. Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires\a non-pipe- 
lined cycle with at least one wait state (Cycle 2 above). 



Figure 5.9. Transitioning to Pipelined Address During Burst of Bus Cycles 
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If NA# is sampled active, the 386SX Microproces- 
sor is free to drive the address and bus cycle defini- 
tion of the next bus cycle, and assert ADS#, as 
soon as it has a bus request internally pending. It 
may drive the next address as early as the next bus 
state, whether the current bus cycle is acknowl- 
edged at that time or not. 

Regarding the details of address pipelining, the 
386SX Microprocessor has the following character- 
istics: 

1 . The next address may appear as early as the bus 
state after NA# was sampled active (see Figures 
5.9 or 5.10). In that case, state T2P is entered 
immediately. However, when there is not an inter- 
nal bus request already pending, the next address 
will not be available immediately after NA# is as- 
serted and T2I is entered instead of T2P (see Fig- 



ure 5.1 1 Cycle 3). Provided the current bus cycle 
isn't yet acknowledged by READY# asserted, 
T2P will be entered as soon as the 386SX Micro- 
processor does drive the next address. External 
hardware should therefore observe the ADS# 
output as confirmation the next address is actual- 
ly being driven on the bus. 

2. Any address which is validated by a pulse on the 
ADS# output will remain stable on the address 
pins for at least two processor clock periods. The 
386SX Microprocessor cannot produce a new ad- 
dress more frequently than every two processor 
clock periods (see Figures 5.9, 5.10, and 5.11). 

3. Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca- 
pability cannot look further than one bus cycle 
ahead (see Figure 5.11 Cycle 1). 
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Following any bus state (Ti) the address is always non-pipelined and NA# is only sampled during wait states. To start 
address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle i above) 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 



Figure 5.10. Fastest Transition to Pipelined Address Following Idle Bus State 
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The complete bus state transition diagram, including 
operation with pipelined address is given by Figure 
5.12. Note it is a superset of the diagram for non- 
pipelined address only, and the three additional bus 
states for pipelined address are drawn in bold. 



The fastest bus cycle with pipelined address con- 
sists of just two bus states, T1 P and T2P (recall for 
non-pipelined address it is T1 and T2). T1P is the 
first bus state of a pipelined cycle. 
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Figure 5.1 1. Details of Address Pipelining During Cycles with Wait States 
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Bus States: 

T1— first clock of a non-pipejinecl bus cycle (386§Xtm CPU 
drives new address and ass/erts ADS#). 
T2— subsequent clocks of a bus cycle when NA# has not been 
sampled asserted in the current bus cycle. 
T2I — subsequent clocks of a bus cycle when NA# has been 
sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (386SXTM CPU will not drive 
new address or assert ADS#). 

T2P— subsequent clocks of a bus cycle when NA# has been 
sampled asserted in the current bus cycle and there is an inter- 
nal bus request pending (386SXTM CPU drives new address 
and asserts ADS #). 
T1 P — first clock of a pipelined bus. cycle, 
Ti— idle state. 

Th— hold acknowledge state (386SXTM CPU asserts HLDA). 
Asserting NA# for pipelined address gives access to three 
more bus states: T2I, T2P and T1 P. 

Using pipelined address, the fastest bus cycle consists of TIP 
andT2P. 



READY# NEGATED 



Figure 5.12. Complete Bus States (including pipelined address) 
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Initiating and Maintaining Pipelined Address 

Using the state diagram Figure 5.12, observe the 
transitions from an idle state, T„ to the beginning of 
a pipelined bus cycle T1 P. From an idle state, Tj, the 
first bus cycle must begin with T1 ; and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA# is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast- 
est path from an idle state to a bus cycle with pipe- 
lined address is shown in bold below: 

T,, T,, T lf T1 - T2 - T2P, T1P - T2P, 

idle non-pipelined pipelined 

states cycle cycle 

T1-T2-T2P are the states of the bus cycle that es- 
tablish address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

T h , T h , T h , T1 - T2 - T2P, T1P - T2P, 
hold acknowledge non-pipelined pipelined 
states cycle cycle 

The transition to pipelined address is shown func- 
tionally by Figure 5.10 Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA# input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. ' 

Once a bus cycle is in progress and the current ad- 
dress has been valid for one entire bus state, the 
NA# input is sampled at the end of every phase one 
until the bus cycle is acknowledged. Sampling be- 
gins in T2 during Cycle 1 in Figure 5.10. Once NA# 
is sampled active during the current cycle, the 
386SX Microprocessor is free to drive a new ad- 
dress and bus cycle definition on the bus as early as 
the next bus state. In Figure 5.10 Cycle 1 for exam- 
ple, the next address is driven during state T2P. 
Thus Cycle 1 makes the transition to pipelined ad- 
dress timing, since it begins with T1 but ends with 
T2P. Because the address for Cycle 2 is available 
before Cycle 2 begins, Cycle 2 is called a pipelined 



bus cycle, and it begins with T1 P. Cycle 2 begins as 
soon as READY # asserted terminates Cycle 1. 

Examples of transition bus cycles are Figure 5.10 
Cycle 1 and Figure 5.9 Cycle 2. Figure 5.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 5.9 Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (NA# is assert- 
ed at that time), and T2P (provided the 386SX Micro- 
processor has an internal bus request already pend- 
ing, which it almost always has). T2P states are re- 
peated if wait states are added to the cycle. 

Note that only three states (T1, T2 and T2P) are 
required in a bus cycle performing a transition from 
non-pipelined address into pipelined address timing, 
for example Figure 5.10 Cycle 1. Figure 5.10 Cycles 
2, 3 and 4 show that address pipelining can be main- 
tained with two-state bus cycles consisting only of 
T1PandT2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the 386SX Microprocessor 
enters T2P during the current bus cycle. The current 
bus cycle must end in state T2P for pipelining to be 
maintained in the next cycle. T2P is identified by the 
assertion of ADS#. Figures 5.9 and 5.10 however, 
each show pipelining ending after Cycle 4 because 
Cycle 4 ends in T2I. This indicates the 386SX Micro- 
processor didn't have an internal bus request prior 
to the acknowledgement of Cycle 4. If a cycle ends 
with a T2 or T2I, the next cycle will not be pipelined. 

Realistically, address pipelining is almost always 
maintained as long as NA# is sampled asserted. 
This is so because in the absence of any other re- 
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre- 
fetch queue are completely full. Therefore, address 
pipelining is maintained for long bursts of bus cycles, 
if the bus is available (i.e., HOLD inactive) and NA# 
is sampled active in each of the bus cycles. 
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INTERRUPT ACKNOWLEDGE (INTA) CYCLES 

In response to an Interrupt request on the INTR In- 
put when interrupts are enabled, the 386SX Micro- 
processor performs two interrupt acknowledge cy- 
cles. These bus cycles are similar to read cycles in 
that bus definition signals define the type of bus ac- 
tivity taking place, and each cycle continues until ac- 
knowledged by READY # sampled active. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A23-A3, A 1f BLE# LOWVA2 and BHE# HIGH). 
The byte address driven during the second interrupt 
acknowledge cycle is (A23-A1, BLE# LOW, and 
BHE# HIGH). 



The LOCK# output is asserted from the beginning 
of the first interrupt acknowledge cycle until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states, Tj, are inserted by the 386SX Microproc- 
essor between the two interrupt acknowledge cycles 
for compatibility with spec TRHRL of the 8259A In- 
terrupt Controller. 

During both interrupt acknowledge cycles, D15-D0 
float. No dat^i is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter- 
rupt acknowledge cycle, the 386SX Microprocessor 
will read an external interrupt vector from P7-D0 of 
the data bus. The vector indicates the specific inter- 
rupt number (from 0-255) requiring service. 
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Interrupt Vector (0-255) is read on D0-D7 at end of second interrupt Acknowledge bus cycle. 

Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA# has no practical effect. 

Choose the approach which is simplest for your system hardware design. 



Figure 5.13. Interrupt Acknowledge Cycles 
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HALT INDICATION CYCLE 

The execution unit halts as a result of executing a 
HLT instruction. Signaling its entrance into the halt 
state, a halt indication cycle is performed. The halt 
indication cycle is identified by the state of the bus 



definition signals shown on page 40, Bus Cycle 
Definition Signals, and an address of 2. The halt 
indication cycle must be acknowledged by READY # 
asserted. A halted 386SX Microprocessor resumes 
execution when INTR (if interrupts are enabled), NMI 
or RESET is asserted. 
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Figure 5.14. Example Halt Indication Cycle from Non-Pipelined Cycle 
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SHUTDOWN INDICATION CYCLE 

The 386SX Microprocessor shuts down as a result 
of a protection fault while attempting to process a 
double fault. Signaling its entrance into the shut- 
down state, a shutdown indication cycle is per- 
formed. The shutdown indication cycle is identified 
by the state of the bus definition signals shown in 
Bus Cycle Definition Signals (page 40) and an ad- 
dress of 0. The shutdown indication cycle must be 
acknowledged by READY # asserted. A shutdown 
386SX Microprocessor resumes execution when 
NMI or RESET is asserted. 



ENTERING AND EXITING HOLD 
ACKNOWLEDGE 

The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 386SX Microproc- 
essor floats all outputs or bidirectional signals, ex- 
cept for HLDA. HLDA is asserted as long as the 
386SX Microprocessor remains in the bus hold ac- 
knowledge state. In the bus hold acknowledge state, 
all inputs except HOLD and RESET are ignored. 
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Figure 5.15. Example Shutdown Indication Cycle from Non-Pipelined Cycle 
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Th may be entered from a bus idle state as in Figure 
5.16 or after the acknowledgement of the current 
physical bus cycle if the LOCK# signal is not assert- 
ed, as in Figures 5.17 and 5.18. 

Th is exited in response to the HOLD input being 
negated. The following state will be Tj as in Figure 
5.16 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5.17 and 5.18. Th is exited in response 
to RESET being asserted. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Th is exit- 
ed unless the 386SX Microprocessor is reset before 
Th is exited. 

RESET DURING HOLD ACKNOWLEDGE 

RESET being asserted takes priority over HOLD be- 
ing asserted. If RESET is asserted while HOLD re- 



mains asserted, the 386SX Microprocessor drives its 
pins to defined states during reset, as in Table 5.5 
Pin State During Reset, and performs internal reset 
activity as usual. 

If HOLD remains asserted when RESET is inactive, 
the 386SX Microprocessor enters the hold acknowl- 
edge state before performing its first bus cycle, pro- 
vided HOLD is still asserted when the 386SX Micro- 
processor would otherwise perform its first bus cy- 
cle. 



BUS ACTIVITY DURING AND FOLLOWING 
RESET 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert- 
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 
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NOTE: 

For maximum design flexibility the 386SXTM CPU has no internal pullup resistors on its outputs. Your design may require 
an external pullup on ADS# and other outputs to keep them negated during float periods. 



Figure 5.16. Requesting Hold from Idle Bus 
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NOTE: 

HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5.17. Requesting Hold from Active Bus (NA# inactive) 
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RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
386SX Microprocessor, and at least 80 CLK2 peri- 
ods if self-test is going to be requested at the falling 
edge. RESET asserted pulses less than 15 CLK2 
periods may not be recognized. RESET pulses less 
than 80 CLK2 periods followed by a self-test may 
cause the self-test to report a failure when no true 
failure exists. 

Provided the RESET falling edge meets setup and 
hold times t25 and t26. the internal processor clock 
phase is defined at that time as illustrated by Figure 
5.19 and Figure 7.7. 



A self-test may be requested at the time RESET 
goes inactive by having the BUSY# input at a LOW 
level as shown in Figure 5.19. The self-test requires 
(220 + approximately 60) CLK2 periods to com- 
plete. The self-test duration is not affected by the 
test results. Even if the self-test indicates a problem, 
the 386SX Microprocessor attempts to proceed with 
the reset sequence afterwards. 

K After the RESET falling edge (and after the self-test 
if it was requested) the 386SX Microprocessor per- 
forms an internal initialization sequence for approxi- 
mately 350 to 450 CLK2 periods. 
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NOTE: 

HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 



Figure 5.18. Requesting Hold from Idle Bus (NA# active) 
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NOTES: 

1. BUSY# should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 

2. If self-test is requested the outputs remain in their reset state as shown here. 

Figure 5.19. Bus Activity from Reset Until First Code Fetch 
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5.5 Self-test Signature 

Upon completion of self-test (if self-test was re- 
quested by driving BUSY# LOW at the falling edge 
of RESET) the EAX register will contain a signature 
of 00000000H indicating the 386SX Microprocessor 
passed its self-test of microcode and major PLA 
contents with no problems detected. The passing 
signature in EAX, 00000000H, applies to all revision 
levels. Any non-zero signature indicates the unit is 
faulty. 

5.6 Component and Revision 
Identifiers 

To assist users, the 386SX Microprocessor after re- 
set holds a component identifier and revision identifi- 
er in its DX register. The upper 8 bits of DX hold 23 H 
as identification of the 386SX Microprocessor (the 
lower nibble, 03H, refers to the Intel386 Architec- 
ture. The upper nibble, 02H, refers to the second 
member of the Intel386 Family). The lower 8 bits of 
DX hold an 8-bit unsigned binary number related to 
the component revision level. The revision identifier 
will, in general* chronologically track those compo- 
nent steppings which are intended to have certain 
improvements or distinction from previous step- 
pings. The 386SX Microprocessor revision identifier 
will track that of the 386 CPU where possible. 

The revision identifier is intended to assist users to a 
practical extent. However, the revision identifier val- 
ue is not guaranteed to change with every stepping 
revision, or to follow a completely uniform numerical 
sequence, depending on the type or intention of re- 
vision, or manufacturing materials required to be 
changed. Intel has sole discretion over these char- 
acteristics of the component. 

Table 5.7. Component and 
Revision Identifier History 



Stepping 


Revision Identifier 


AO 
B 


04H 
05H 



5.7 Coprocessor Interfacing 

The 386SX Microprocessor provides an automatic 
interface for the Intel 90387SX numeric floating- 
point coprocessor. The 80387SX coprocessor uses 
an I/O mapped interface driven automatically by the 
386SX Microprocessor and assisted by three dedi- 
cated signals: BUSY#, ERROR # and PEREQ. 

As the 386SX Microprocessor begins supporting a 
coprocessor instruction, it tests the BUSY# and ER- 
ROR # signals to determine if the coprocessor can 
accept its next instruction. Thus, the BUSY# and 
ERROR # inputs eliminate the need for any 'pre- 



amble' bus cycles for communication between proc- 
essor and coprocessor. The 80387SX can be given 
its command opcode immediately. The dedicated 
signals provide instruction synchronization, and 
eliminate the need of using the WAIT opcode (9BH) 
for 80387SX instruction synchronization (the WAIT 
opcode was required when the 8086 or 8088 was 
used with the 8087 coprocessor). 

Custom coprocessors can be included in 386SX Mi- 
croprocessor based systems by memory-mapped or 
l/O-mapped interfaces. Such coprocessor interfac- 
es allow a completely custom protocol, and are not 
limited to a set of coprocessor protocol 'primitives'. 
Instead, memory-mapped or l/O-mapped interfaces 
may use all applicable instructions for high-speed 
coprocessor communication. The BUSY# and ER- 
ROR # inputs of the 386SX Microprocessor may 
also be used for the custom coprocessor interface, if 
such hardware assist is desired. These signals can 
be tested by the WAIT opcode (9BH). The WAIT 
instruction will wait until the BUSY# input is inactive 
(interruptable by an NMI or enabled INTR input), but 
generates an exception 16 fault if the ERROR # pin 
is active when the BUSY# goes (or is) inactive. If 
the custom coprocessor interface is memory- 
mapped, protection of the addresses used for the 
interface can be provided with the 386SX CPU's on- 
chip paging or segmentation mechanisms. If the 
custom interface is l/O-mapped, protection of the 
interface can be provided with the IOPL (I/O Privi- 
lege Level) mechanism. 

The 80387SX numeric coprocessor interface is I/O 
mapped as shown in Table 5.8. Note that the 
80387SX coprocessor interface addresses are be- 
yond the 0H-0FFFFH range for programmed I/O. 
When the 386SX Microprocessor supports the 
80387SX coprocessor, the 386SX Microprocessor 
automatically generates bus cycles to the coproces- 
sor interface addresses. 
Table 5.8. Numeric Coprocessor Port Addresses 



Address in 386SXTM CPU 
I/O Space 


80387SX Coprocessor 
Register 


8000F8H 
8000FCH/8000FEH* 


Opcode Register 
Operand Register 



"Generated as 2nd bus cycle during Dword transfer. 

To correctly map the 80387SX registers to the ap- 
propriate I/O addresses, connect the CMDO and 
CMD1 lines of the 80387SX as listed in Table 5.9. 
Table 5.9. Connections for CMDO 
and CMD1 Inputs for the 80387SX 



Signal 


Connection 


CMDO 
CMD1 


Connect to latched version 
of 386SXTM CPU A2 signal 
Connect to ground. 
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Software Testing for Coprocessor Presence 

When software is used to test for coprocessor 
(80387SX) presence, it should use only the following 
coprocessor opcodes: FINIT, FNINIT, FSTCW mem, 
FSTSW mem and FSTSW AX. To use other coproc- 
essor opcodes when a coprocessor is known to be 
not present, first set EM = 1 in the 386SX CPU's 
CRO register. 



6.0 PACKAGE THERMAL 
SPECIFICATIONS 

The 386SX Microprocessor is specified for operation 
when case temperature is within the range of 0°C- 
85°C. The case temperature may be measured in 
any environment, to determine whether the 386SX 
Microprocessor is within specified operating range. 
The case temperature should be measured at the 
center of the top surface opposite the pins. 

The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 
calculated from the 0j C and 0j a from the following 
equations: 



'I 



T c + P*0 jc 



T a - Tj - P*0ja 

T c = T a + P*[0ja - jc l 

Values for 0j a and 0j C are given in table 6.1 for the 
100 lead fine pitch. 0j a is given at various airflows. 
Table 6.2 shows the maximum T a allowable (without 
exceeding T c ) at various airflows. Note that T a can 
be improved further by attaching 'fins' or a 'heat 
sink' to the package. 



7.0 ELECTRICAL SPECIFICATIONS 

The following sections describe recommended elec- 
trical connections for the 386SX Microprocessor, 
and its electrical specifications. 



7.1 Power and Grounding 

The 386SX Microprocessor is implemented in 
CHMOS III technology and has modest power re- 
quirements. However, its high clock frequency and 
47 output buffers (address, data, control, and HLDA) 
can cause power surges as multiple output buffers 
drive new signal levels simultaneously. For clean on- 
chip power distribution at high frequency, 14 Vcc 
and 1 8 Vss pins separately feed functional units of 
the 386SX Microprocessor. 

Power and ground connections must be made to all 
external Vcc and GND pins of the 386SX Microproc- 
essor. On the circuit board, all Vcc pins should be 
connected on a Vcc plane and all Vss pins should 
be connected on a GND plane. 



POWER DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitors should be placed near 
the 386SX Microprocessor. The 386SX Microproc- 
essor driving its 24-bit address bus and 16-bit data 
bus at high frequencies can cause transient power 
surges, particularly when driving large capacitive 
loads. Low inductance capacitors and interconnects 
are recommended for best high frequency electrical 
performance. Inductance can be reduced by short- 
ening circuit board traces between the 386SX Micro- 
processor and decoupling capacitors as much as 
possible. 





Table 6.1. Thermal Resistances ( C/Watt) 0j c and 0j s 


i- 




Package 


0Jc 


0j a versus Airflow - ft/mln (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


100 Lead 
Fine Pitch 


7 


33 


27 


24 


21 


18 


17 



Table 6.2: Maximum T a at various airflows. 



Package 


T A 


°C) versus Airflow - ft/min (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


100 Lead 
Fine Pitch 


33 


45 


51 


57 


63 


65 



Max. Ta calculated at 5.0V and max Ice- 
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Table 7.1. Recommended Resistor Pull-ups to Vcc 



Pin 


Signal 


Pull-up Value 


Purpose 


16 


ADS# 


20K-Ohm ± 10% 


Lightly pull ADS# inactive during 
386SXTM CPU hold acknowledge 
states 


26 


LOCK# 


20K-Ohm ± 10% 


Lightly pull LOCK# inactive during 
386SXTM CPU hold acknowledge 
states 



RESISTOR RECOMMENDATIONS 

The ERROR # and BUSY# inputs have internal pull- 
up resistors of approximately 20 K-Ohms and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 K-Ohms built into the 386SX Mi- 
croprocessor to keep these signals inactive when 
the 80387SX is not present in the system (or tempo- 
rarily removed from its socket). 

In typical designs, the external pull-up resistors 
shown in Table 7.1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 



OTHER CONNECTION RECOMMENDATIONS 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. N/C pins should 
always remain unconnected. Connection of N/C 
pins to Vcc or Vss will result in component mal- 
function or incompatibility with future steppings 
of the 386SX Microprocessor. 

Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri- 
ous activity by connecting these associated inputs to 
GND: 

Pin Signal 

40 INTR 

38 NMI 

4 HOLD 



If not using address pipelining, connect pin 6, NA#, 
through a pull-up in the range of 20 K-Ohms to Vcc. 



7.2 Maximum Ratings 

Table 7.2. Maximum Ratings 



Parameter 


Maximum Rating 


Storage temperature 

Case temperature under bias 

Supply voltage with respect 

to Vss 
Voltage on other pins 


-65°Cto150°C 
-65°Cto110°C 

-.5V to 6.5V 
-.5Vto(Vcc + .5)V 



Table 7.2 gives stress ratings only, and functional 
operation at the maximums is not guaranteed. Func- 
tional operating conditions are given in section 7.3, 
D.C. Specifications, and section 7.4, A.C. Specifi- 
cations. 

Extended exposure to the Maximum Ratings may af- 
fect device reliability. Furthermore, although the 
386SX Microprocessor contains protective circuitry 
to resist damage from static electric discharge, al- 
ways take precautions to avoid high static voltages 
or electric fields. 
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7.3 D.C. Specifications 

Functional operating range: Vcc = 5V± 10%; Tcase = ° c to 85°C 



Table 7.3. D.C. Characteristics 




Tested at the minimum operating frequency of the part. 

NOTES: 

1 . PEREQ input has an internal pull-down resistor. 

2. BUSY# and ERROR # inputs each have an internal pull-up resistor. 

3. Ice max measurement at worst case load, frequency, Vcc and temperature. 

4. Not 100% tested. 
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7.4 A.C. Specif ications 

The A.C. specifications given in Table 7.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela- 
tive to the CLK2 rising edge crossing the 2.0V level. 

A.C. spec measurement is defined by Figure 7.1. In- 
puts must be driven to the voltage levels indicated 
by Figure 7.1 when A.C, specifications are mea- 
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini- 
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified 



as minimums, defining the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct op- 
eration. 

Outputs NA#, W/R#, D/C#, M/IO#, LOCK#, 
BHE#, BLE#, A23-A! and HLDA only change at 
the beginning of phase one. D^-Do (write cycles) 
only change at the beginning of phase two. The 
READY#, HOLD, BUSY#, ERROR#, PEREQ and 
D 15 -Do (read cycles) inputs are sampled at the be- 
ginning of phase one. The NA#, INTR and NMI in- 
puts are sampled at the beginning of phase two. 



CLK2I 



OUTPUTS , 



[j^-^^^"^^^ 



(A1-A23,BHE#,BLE#,r VAL|D 

ADS#,M/IO#,D/C#, OUTPUT n 1 * 5V 

W/R#,LOCK#,HLDA) L- 



OUTPUTS I 
(D0-D15)l 




OUTPUT n+1 



INPUTS I 
(N/A#,INTR,NMI) I 



INPUTS 
(READY#,HOLD, 
ERROR#,BUSY#, 
PEREQ,D0-D15)I— 



r 



LEGEND 

A — Maximum Output Delay Spec 
B — Minimum Output Delay Spec 
C — Minimum Input Setup Spec 
D — Minimum Input Hold Spec 




Figure 7.1. Drive Levels and Measurement Points for A.C. Specifications 
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A.C. SPECIFICATONS TABLES 

Functional operating range: Vcc = 5V + 10%; Tq/vse^C to 85°C 

Table 7.4. A.C. Characteristics at 16 MHz 



Symbol 



Parameter 




Operating frequency 



CLK2 period 



t 2 a 



CLK2 HIGH time 



teb 



CLK2 HIGH time 



t3a 



CLK2 LOW time 



*3b 



CLK2 LOW time 



CLK2 fall time 



CLK2 rise time 



A23-A1 valid delay 



A23-A1 float delay 



t 8 



BHE#,BLE#,LOCK# 
valid delay 



BHE#, BLE#, LOCK# 
float delay 



tio 



tn 



tl2 



W/R#,M/IO#,D/C#, 
ADS# valid delay 



W/R#,M/IO#, 
ADS # floated 



D15-D0 Wrjle Spa 
Valid Delay" 



tl3 



D15-D0 Write Da1 
Float Delay 



tn 




tl5 



tl6 



tl0 



READY # setup time 



t20 



READY # hold time 



t21 



D^-Do Read Data 
setup time 



*22 



D^-Dq Read Data 
hold time 



*23 



HOLD setup time 



t 2 4 



HOLD hold time 



t25 



RESET setup time 



*26 



RESET hold time 
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Functional operating range: Vcc = 5V±10%; Tcase = 0°C to 85°C 

Table 7.4. A.C. Characteristics at 16 MHz (Continued) 



Symbol 


Parameter 


Min 


Max 


Unit 


Figure 


Notes 


t27 


NMI, INTR setup time 


16 




ns 


7.4 


(Note 2) 


*28 


NMI, INTR hold time 


16 




ns 


7.4 


(Note 2) 


t29 


PEREQ, ERROR #, BUSY # 
setup time 


16 




ns 


7.4 


(Note 2) 


t30 


PEREQ, ERROR #, BUSY # 
hold time 


5 




ns 


7.4 


(Note 2) 



NOTES: 

1. Float condition occurs when maximum output current becomes less than I|_q in magnitude. Float delay is not 100% 

tested. 

2: These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 

to assure recognition within a specific CLK2 period. 

3: These are not tested. They are guaranteed by design characterization. 

4: Tested with Cl set at 50 pf and derated to support the indicated distributed capacitive load. See figure 7.8 for the 

capacitive derating curve. 
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Figure 7.2. A.C. Test Loads 



Figure 7.3. CLK2 Waveform 
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Figure 7.4. A.C. Timing Waveforms— -Input Setup and Hold Timing 
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Figure 7.5. A.C. Timing Waveforms—Output Valid Delay Timing 
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Figure 7.6. A.C. Timing Waveforms— Output Float Delay and HLDA Valid Delay Timing 
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Figure 7.7. A.C. Timing Waveforms— RESET Setup and Hold Timing and Internal Phase 
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Figure 7.8. Capacitive 
Derating Curve 
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Figure 7.9. CMOS Level Slew Rates for Output Buffers 
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Figure 7.10. TTL Level Slew Rates for Output Buffers 
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Figure 7.1 1. Typical Ice vs Frequency 
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Figure 7.12. Preliminary ICETM-386SX Emulator User Cable with PQFP Adapter 
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Figure 7.13. Preliminary ICETM-386SX Emulator User Cable with OIB and PQFP Adapter 
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7.5 Designing for ICETM-386SX 
Emulator (Advanced Data) 

The 386SX CPU's in-circuit emulator product is the 
ICEtm -386SX emulator. Use of the emulator re- 
quires the target system to provide a socket that is 
compatible with the ICE-386SX emulator. The ICE- 
386SX offers a 100-pin fine pitch flat-pack probe for 
emulating user systems. The 1 00-pin fine pitch flat- 
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3M text-tool (part 
number 2-0100-07243-000). The ICE-386SX emula- 
tor probe attaches to the target system via an adapt- 
er which replaces the 386SX CPU component in the 
target system. Because of the high operating fre- 
quency of 386SX CPU systems and of the ICE- 
386SX emulator, there is no buffering between the 
386SX CPU emulation processor in the ICE*386SX 
emulator probe and the target system. A direct result 
of the npn-buffered interconnect is that the ICE- 
386SX emulator shares the address and data bus 
with the user's system, and the RESET signal is in- 
tercepted by the ICE emulator hardware. In order for 
the ICE-386SX emulator to be functional in the us- 
er's system without the Optional Isolation Board 
(OIB) the designer must be aware of the following 
conditions: 

1. The bus controller must only enable data trans- 
ceivers onto the data bus during valid read cycles 
of the 386SX CPU, other local devices or other 
bus masters. 

2. Before another bus master drives the local proc- 
essor address bus, the other master must gain 
control of the address bus by asserting HOLD and 
receiving the HLDA response. 

3. The emulation processor receives the RESET sig- 
nal 2 or 4 CLK2 cycles later than an 386SX CPU 
would, and responds to RESET later. Correct 
phase of the response is guaranteed. 

In addition to the above considerations, the ICE- 
386SX emulator processor module has several elec- 
trical and mechanical characteristics that should be 
taken into consideration when designing the 386SX 
CPU system. 

Capacitive Loading: ICE-386SX adds up to 27 pF 
to each 386SX CPU signal. 

Drive Requirements: ICE-386SX adds one FAST 
TTL load on the CLK2, control, address, and data 
lines. These loads are within the processor module 
and are driven by the 386SX CPU emulation proces- 
sor, which has standard drive and loading capability 
listed in Tables 7.3 and 7.4. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-386SX emulator 
processor module is powered by the user system. 



The circuitry on the processor module draws up to 
1.4A including the maximum 386SX CPU Ice from 
the user 386SX CPU socket. 

386SX CPU Location and Orientation: The ICE- 
386SX emulator processor module may require lat- 
eral clearance. Figure 7.12 shows the clearance re- 
quirements of the iMP adapter. The optional isola- 
tion board (OIB), which provides extra electrical buff- 
ering and has the same lateral clearance require- 
ments as Figure 7.12, adds an additional 0.5 inches 
to the vertical clearance requirement. This is illus- 
trated in Figure 7.13. 

Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered probe de- 
sign, the ICE-386SX emulator is susceptible to er- 
rors on the user's bus. The OIB allows the ICE- 
386SX emulator to function in user systems with 
faults (shorted signals, etc.). After electrical verifica- 
tion the OIB may be removed. When the OIB is in- 
stalled, the user system must have a maximum 
CLK2 frequency of 20 MHz. 



8.0 DIFFERENCES BETWEEN THE 
386SXTM CPU AND THE 386™ 
CPU 

The following are the major differences between the 
386SX CPU and the 386 CPU: 

1. The 386SX CPU generates byte selects on BHE# 
and BLE# (like the 8086 and 80286) to distin- 
guish the upper and lower bytes on its 16-bit data 
bus. The 386 CPU uses four byte selects, BE0#- 
BE3#, to distinguish between the different bytes 
on its 32-bit bus. 

2. The 386SX CPU has no bus sizing option. The 
386 CPU can select between either a 32-bit bus 
or a 16-bit bus by use of the BS16# input. The 
386SX CPU has a 16-bit bus size. 

3. The NA# pin operation in the 386SX CPU is iden- 
tical to that of the NA# pin on the 386 CPU with 
one exception: the 386 CPU NA# pin cannot be 
activated on 16-bit bus cycles (where BS16# is 
LOW in'the 386 CPU case), whereas NA# can be 
activated on any 386SX CPU bus cycle. 

4. The contents of all 386SX CPU registers at reset 
are identical to the contents of the 386 CPU regis- 
ters at reset, except the DX register. The DX reg- 
ister contains a component-stepping identifier at 
reset, i.e. 

in 386 CPU, DH = 3 indicates 386 CPU 
after reset 

DL = revision number; 

in 386SX CPU, DH = 23H indicates 386SX 
after reset CPU 

DL - revision number. 
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5. The 386 CPU uses A 31 and M/IO# as selects for 
the numerics coprocessor. The 386SX CPU uses 
A23 and M/IO# as selects. 

6. The 386 CPU prefetch unit fetches code in four- 
byte units. The 386SX CPU prefetch unit reads 
two bytes as one unit (like the 80286). In BS16 
mode, the 386 CPU takes two consecutive bus 
cycles to complete a prefetch request. If there is a 
data read or write request after the prefetch 
starts, the 386 CPU will fetch all four bytes before 
addressing the new request. 

7. Both 386 CPU and 386SX CPU have the same 
logical address space. The only difference is that 
the 386 CPU has a 32-bit physical address space 
and the 386SX CPU has a 24-bit physical address 
space. The 386SX CPU has a physical memory 
address space of up to 16 megabytes instead of 
the 4 gigabytes available to the 386 CPU. There- 
fore, in 386SX CPU systems, the operating sys- 
tem must be aware of this physical memory limit 
and should allocate memory for applications pro- 
grams within this limit. If a 386 CPU system uses 
only the lower 16 megabytes of physical address, 
then there will be no extra effort required to mi- 
grate 386 CPU software to the 386SX CPU. Any 
application which uses more than 16 megabytes 
of memory can run on the 386SX CPU if the oper- 
ating system utilizes the 386SX CPU's paging 
mechanism. In spite of this difference in physical 
address space, the 386SX CPU and 386 CPU dan 
run the same operating systems and applications 
within their respective physical memory con- 
straints. 



9.0 INSTRUCTION SET 

This section describes the instruction set. Table 9.1 
lists all instructions along with instruction encoding 
diagrams and clock counts. Further details of the 
instruction encoding are then provided in the follow- 
ing sections, which completely describe the encod- 
ing structure and the definition of all fields occurring 
within instructions. 



9.1 386SXTM CPU Instruction 
Encoding and Clock Count 
Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 9.1 be- 



low, by the processor clock period (e.g. 62.5 ns for 
an 386SX Microprocessor operating at 1 6 MHz). The 
actual clock count of an 386SX Microprocessor pro- 
gram will average 5% more than the calculated 
clock count due to instruction sequences which exe- 
cute faster than they can be fetched from memory. 

Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex- 
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

Instruction Clock Count Notation 

1 . If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a mem- 
ory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme- 
diate data (if any) counts as one component, and 
all other bytes of the instruction and prefix(es) 
each count as one component. 

Misaligned or 32-Bit Operand Accesses 

— If instructions accesses a misaligned 1 6-bit oper- 
and or 32-bit operand on even address add: 

2* clocks for read or write 
4** clocks for read and write 

— If instructions accesses a 32-bit operand on odd 
address add: 

4* clocks for read or write 
8** clocks for read and write 

Wait States 

Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 9-1. Instruction Set Clock Count Summary 



INSTRUCTION 




GENERAL DATA TRANSFER 
MOV = Move: 

Register to Register/ Memory 

Register/Memory to Register 

Immediate to Register/Memory 

Immediate to Register (short form) 

Memory to Accumulator (short form) 

Accumulator to Memory (short form) 

Register Memory to Segment Register 

Segment Register to Register/Memory 

MOVSX = Move With Sign Extension 

Register From Register/Memory 

MOVZX = Move With Zero Extension 

Register From Register/ Memory 
PUSH - Push: 
Register/Memory 

Register (short form) 



Segment Register (ES, CS, SS or DS) 

(short form) 
Segment Register (ES, CS, SS, DS, 

FSorGS) 

Immediate 
PUSHA m Push All 
POP - Pop 
Register/Memory 

Register (short form) 

Segment Register (ES, CS, SS 

(short form) 
Segment Register (ES, CS, 

FSorGS m 

POPA=P0pAII 

XCHG = Exchange 

Register/Memory With Register 

Register With Accumulator (short form) 

IN = Input from: 

Fixed Port 

Variable Port 

OUT - Output to: 

Fixed Port 

Variable Port 

LEA = Load EA to Register 



4-428 



inteT 



386SXTM MICROPROCESSOR 



PRBUIfflON^ 



Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 






CLOCK COUNT 


NOTES 


FORMAT 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


SEGMENT CONTROL 

LDS = Load Pointer to DS 

LES = Load Pointer to ES 

LFS = Load Pointer to FS 

LGS = Load Pointer to GS 

LSS = Load Pointer to SS 

FLAG CONTROL 

CLC = Clear Carry Flag 

CLD = Clear Direction Flag 

CLI = Clear Interrupt Enable Flag 

CLTS = Clear Task Switched Flag 

CMC = Complement Carry Flag 

LAHF = Load AH into Flag 

POPF = Pop Flags 

PUSHF = Push Flags 

SAHF = Store AH into Flags 

STC = Set Carry Flag 

STD = Set Direction Flag 

STI = Set Interrupt Enable Flag 

ARITHMETIC 
ADD = Add 

Register to Register 

Register to Memory ^ 

Memory to Register 

Immediate to Register/Memo^-^%. ^ 

Immediate to Accumulator (sh^prorm) 

ADC = Add With Carry 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/ Memory 

Immediate to Accumulator (short form) 

INC = Increment 
Register/ Memory 

Register (short form) 

SUB = Subtract 

Register from Register 




7* 
7* 
7* 
7* 
7* 

2 

2 4 

6. .:■■■ 

>) 4 
3 
2 

8 

2 

7** 

6* 

2/7** 

2 

2 

7** 

6* 

2/7** 

2 

2/6** 
2 

2 


26* /28* 
26V28* 
29V31* 
26* /28* 
26V28* 

.>* 
^fr 8 
5 
2 
2 
5 
4 
3 
2 

8 

2 

7** 

6* 

2/7** 

2 

2 

7** 

6* 

2/7** 

2 

2/6** 
2 

2 


b 
b 
b 
b 
b 

c 

b 
b 

b 
b 
1) 

b 
b 
b 

b 


h.i.j 
h,i,j 
h.l.| 
h.i.j 
h,i.j 

m 

1 

h,n 
h 

m 

h 
h 
h 

h 
h 

h 


1 1000101 


mod reg r/m | 






1 1000100 


mod reg r/m | 






00001 1 1 1 


1011010 I mod reg r/m | 






00001 1 1 1 


10110101 | mod reg r/m | 






00001 11 1 


10110 010 I mod reg r/m | 




.* 


1111 1000 




1 1 1 1 1 1 00 




11111010 




00001 1 1 1 


I * ^ 
0110 | v - v. C* 






11110101 




10 011111 




1001 1 1 01 




1001 1 1 00 


10 0111 1J>,. 


1111 .<#V- 






^"In^^i 


$58^11*1011 % 




O.QBl^w (^S^ r/m| 


"Sfel '^i , , „#i 




OOOWOOOw 


%ba reg r/m j 






i%000001 w 


mod reg r/m | 






1 00000SW 


mod r/m | immediate data 




immediate data 


0000010W 




0001 OOdw 


mod reg r/m | 






0001 OOOw 


mod reg r/m | 






0001001 w 


mod reg r/m | 






1 00000SW 


mod 010 r/m | immediate data 




immediate data 


0001010W 




1 1 1 1 1 1 1 w 


mod r/m I 






010 reg 






1 1 d w J mod reg r/m | 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 






INSTRUCTION 


FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 

Register from Memory 

Memory from Register 

Immediate from Register/Memory 

Immediate from Accumulator (short form) 

SBB - Subtract with Borrow 

Register from Register 

Register from Memory 

Memory from Register 

Immediate from Register/ Memory 

Immediate from Accumulator (short form) 

DEC = Decrement 

Register/Memory 

Register (short form) 

CMP = Compare 

Register with Register 

Memory with Register 

Register with Memory 

Immediate with Register/Memory 

Immediate with Accumulator (short form) 

MEG = Change Sign 

AAA = ASCII Adjust for Add 

AAS = ASCII Adjust for Subtract 

DAA = Decimal Adjust for Add 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (unsigned) 

Accumulator with Register/Memory 
Multiplier-Byte 
-Word 
-Doubleword 

IMUL = Integer Multiply (signed) 

Accumulator with Register/Memory 
Multiplier-Byte 
-Word 
-Doubleword 

Register with Register/Memory 

Multiplier-Byte 
-Word 
-Doubleword 

Register/ Memory with Immediate to Regis 

-Word 
-Doubleword 




7** 

6* 

2/7** 

2 

2 

7** 

6* 

2/7** 

2 ^a ^ 

■■ * 5* 

6* 
2/5* 

2 
2/6* 

4 

4 
4 
4 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

13-26 
13-42 


7** 

6* 

2/7** 

2 

2 

7*%~ 

" ^ ^ st/7** 
^ % 2 

2/6 
2 

2 

5* 

6* 
2/5* 

2 
2/6* 

4 

4 

4 

4 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

12-17/15-20* 
12-25/15-28* 
12-41/17-46* 

13-26/14-27 
13-42/16-45 


b 
b 
b 

b 
b 
b 

b 

b 
b 
b 

b 

b,d 
b,d 
b,d 

b,d 
b,d 
b.d 

b,d 
b,d 
b,d 

b,d 
b,d 


h 
h 
h 

h 
h 
h 

h 

h . 

h 

h 

h 

d.h 
d,h 
d,h 

d,h 
d,h 
d,h 

d,h 
d, h 
d,h 

d, h 
d,h 


| 0010100W 


mod reg r/m| 


| 1 1 1 w 


mod reg r/m| 






| 1000 00sw 


mod 1 1 r/m| immediate data 




immediate data 


| 00101 10w 




| 0001 10dw 


mod reg r/m| 


| 0001 100w 


mod reg r/mj 


I 0001 101 w 


mod reg r/m| 


I 100000SW 


mod 1 1 r/m| immediate data 




immediate data 


| 0001 1 10w 




| 1 1 1 1 1 1 1 w 


reg 1 r/mf^ ^ " s 






|0 1 1 reg 




*0o^ \. *"' 


| 1 1 1 d w l*n0#r% r/m| * 


| 1 1 1 p4k 
I 001 1 joiw" 


rjjlreg r/^fv ;' - '^ " 
mod reg r/mf 


| ..^m ' mx^< 

1 t 0OJ$O sw 


I ^ — I 

mod 1 1 1 r/m[ (rrtri$?difM data 


r f$bi 1 1 low; 


immeo%le^o%ta 


I 1 1 1 101 tw 


iajwdo.u' r/^ 


Lo 1 1 1 1 f 




I Hf\ 1 1 1 * 


<J 01001 1 1 


I 1 1 1 1 1 






I 111101 1 w]mod100 r/rrj 


| 1 1 1 1 1 1 w |mod 1 1 r/m| 


| 1 1 1 1 | 10101111 |mod reg r/m| 


erj 1 1 1 s 1 (mod reg r/m| immediate data 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 






CLOCK COUNT 


NOTES 


FORMAT 


Real 
Address 
Mode dr 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register/Memory 

Divisor — Byte 
—Word 
— Doubleword 

IDIV = Integer Divide (Signed) 

Accumulator By Register/ Memory 

Divisor— Byte 
—Word 
— Doubleword 

AAD = ASCII Adjust for Divide 

AAM = ASCII Adjust for Multiply 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 

LOGIC 

Shift Rotate Instructions 

Not Through Carry (ROL, ROR, SAL, SAI 

Register/ Memory by 1 
Register /Memory by CL 
Register/ Memory by Immediate Count 
Through Carry (RCL and RCR) 
Register/ Memory by 1 
Register/Memory by CL 
Register/ Memory by Immediate Coufit 

SHLD = Shift Left Double 

Register/ Memory by Immediate 

Register/ Memory by CL 

SHRD = Shift Right Double 

Register/ Memory by Immediate 

Register/ Memory by CL 

AND = And 
Register to Register 




14/17 
22/25 
38/43 

19/22^1 
S7/30 

19 
17 
3 

¥ 2 

3/7** 
3/7* 
3/7* 

9/10* 
9/10* 
9/10* 

3/7** 
3/7** 

3/7** 
3/7** 

2 


14/17 
22/25 
38/43 

"W/22 

r 27/30 

43/48 

19 

17 

3 

2 

3/7** 
3/7* 
3/7* 

9/10* 
9/10* 

9/io* 

3/7** 
3/7** 

3/7** 
3/7** 

2 


b,e 
b,e 
b,e 

b,e 
b,e 
b,e 

b 
b 
b 

b 
b 
b 


e,h 
e,h 
e,h 

e,h 
e,h 
e,h 

h 
h 
h 

h 
h 
h 


| 1 1 1 1 1 1 w |mod 1 1 r/m| 


I 1 1 1 1 1 1 w |mod 1 1 1 r/m| 


| 1 10101 01 | 00001010 | , \ ' 


| 1 101 01 00 
| 1001 1000 


00001010I ^ >V 5 .>>0^ 


| 1001 1001 
R,SHL,andSHR) 


11010 (MwliFiod TTT , i/raT ' y *-\ \ ; ^ 

I ,11.1, ^M,.|.xt" : *»§F \ ! . \s 

. -^...y ■!■-.■■■ ■ «^~ Ns 

1 1 10100 1w I mod TTT r/m| ,^v" : ^ 


| M00 00 0w 


modTTT^ r/mJlk|e^B-bit data 


■■;.- , o , s ^ V 


| 1 1 1 00,0 w (mod TTT : ,r/m| 


| 1 101 001 w ItSpaTTT r/m| 


| 1 1 w |mod TTT r/m|mnmed 8-bit data 

TTT Instruction 

ROL 
1 ROR 
010 RCL 

1 1 RCR 

1 SHL/SAL 

1 1 SHR 

1 1 1 SAR 


I 00001111 I 10100100 |mod reg r/m|immed 8-bit data 




| 00001 1 1 1 | 10100101 |modreg r/m| 




I 00001111 I 10101100 |mod reg r/m|immed 8-bit data 




| 00001111 | 10101101 |mod reg r/m| 




I 00 1 OOOdw jmodreg r/m| 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 



CLOCK COUNT 



Address 

Mode or 

Virtual 

8086 



Protected 
Virtual 

Address 
Mode 



NOTES 



Mode or 
Virtual 



Protected 
Virtual 

Address 
Mode 



LOGIC (Continued) 
Register to Memory 
Memory to Register 
Immediate to Register/Memory 
Immediate to Accumulator (Short Form) 

TEST = And Function to Flags, No Result 

Register/Memory and Register 

Immediate Data and Register/Memory 

Immediate Data and Accumulator 
(Short Form) 

OR = Or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

Immediate to Accumulator (Short Form) 
XOR = Exclusive Or 

Register to Register 

Register to Memory 
Memory to Register 
Immediate to Register/Memory 
Immediate to Accumulator (Short Form) 







iJjjtPbow 



*^«01 1001^ 



- . "* „..,. 



NOT = Invert Register/Memory 
STRING MANIPULATION 



i1§M0ii\lf 



m^reg^y ^^^ 



mod reg 



» 1 






immediate data 



J^ 



fecIO 1 



CMPS = Compare Byte Word, 






w. 



imm 



INS = Input Byte/Word frbWjp Port 

LOOS = Load Byte/Word to AL/AX/EAX 

MOVS - Move Byte Word 

OUTS = Output Byte/Word to DX Port 

SCAS = Scan Byte Word 

STOS = Store Byte/Word from 
AL/AX/EX 

XLAT = Translate String 

REPEATED STRING MANIPULATION 

Repeated by Count in CX or ECX 

REPE CMPS = Compare String 

(Find Non-Match) 



01 101 10w 



1010010W 



01 101 1 1w 



10101 1 1 w 



1 1 1 1 w 



Clk 
Count 
Virtual 



2 

7** 

6* 

2/ 7 *. 

2 



10* 

15 
5 
7 
14 
7* 

4* 
5* 



2/7*' 
2 



10* 
l*/29** 

5* 

7** 
3*/28* 

7* 



h 
s/t, h, m 

h 

h 
s/t, h, m 

h 

h 
h 



11110 011 1 1 1 1 w 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 



FORMAT 



CLOCK COUNT 



Address 

Mode or 

Virtual 

8086 



Protected 
Virtual 
Address 



NOTES 



Real 
Address 
Mode or 
Virtual 
8086 
Mode 



Protected 
Virtual 
Address 



REPEATED STRING MANIPULATION (Continued) 
REPNECMPS = Compare String 

(Find Match) 

REP INS = Input String 



REP LODS = Load String 
REP MOVS = Move String 
REP OUTS = Output String 

REPESCAS^ Scan String 

(Find Non-AL/AX/EAX) 

REPNE SCAS = Scan String 

(FindAL/AX/EAX) 

REP STOS = Store String 

BIT MANIPULATION 

BSF = Scan Bit Forward 

BSR = Scan Bit Reverse 

BT - Test Bit 
Register/ Memory, Immediate 

Register/ Memory, Register 

BTC - Test Bit and Complement 

Register/ Memory, Immediate 

Register/ Memory, Register 

BTR = Test Bit and Reset 

Register/ Memory, ImmediatW 

Register/ Memory, Register 1 
BTS^= Test Bit and Set 

Register/ Memory, Immediate 

Register/Memory, Register 

CONTROL TRANSFER 
CALL = Call 

Direct Within Segment 

Register/ Memory 
Indirect Within Segment 

Direct Intersegment 



1 1 1 10010 I 101001 1w| 



Clk Count 

Virtual 
8086 Mode 



1111001o|oi1011 w] I t 



5 + 9n** 
13 + 6n* 



1 1 1 10010 | 101011 Ow | 



7 + 6nV 
27 + 6n* 



4+6n* 




bO 1 1 1 1 I 10111010 [mod 1 1 r/mjimmed 8-bit data) 



00001 1 1 1 | 101 1001 1 {modreg r/m| 



00001111 I 10111010 [mod 1 1 r/mlimmed 8-bit data| 



00001 1 1 1 I 1010101 1 jmodreg r/m| 



6/8* 
6/13* 



6/8* 
6/13* 



6/8* 
6/13* 



6/8* 
6/13* 



1 1 10100 J full displacement 



11111111 mod 1 r/m 



7 + m*/10 + m* 



,9 + m/ 
12+ m* 



10 011010 [ unsigned full offset, selector 



h 
s/t, h, m 

h 

h 

s/t, h, m 



h,r 



i,k,r 



NOTE: 

t Clock count shown applies if I/O permission allows I/O to the port in virtual 8086 mode. If I/O bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction. 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 




CONTROL TRANSFER (Continued) 
Protected Mode Only (Direct Intersegment) 

Via Call Gate to Same Privilege Level 

Via Call Gate to Different Privilege Level, 
(No Parameters) 

Via Call Gate to Different Privilege Level, 
(x Parameters^ 

From 286 Task to 286 TSS 

From 286 Task to 386SXTM CPU TSS 

From 286 Task to Virtual 8086 Task (386SXTM CPU TSS) 

From 386SXTM CPU Task to 286 TSS 

From 386SXTM CPU Task to 386SXTM CPU TSS 

From 386SXTM CPU Task to Virtual 8086 Task (386SXTM CPU TSS) 

Indirect Intersegment 

Protected Mode Only (Indirect Intersegment) 

Via Call Gate to Same Privilege Level 

Via Call Gate to Different Privilege Level, 
(No Parameters) 

Via Call Gate to Different Privilege Level, 
(x Parameters) 

From 286 Task to 286 TSS 

From 286 Task to 386SXTM CPU TSS 

From 286 Task to Virtual 8086 Task (386SXTM CPI 

From 386SXTM CPU Task to 286 TSS 

From 386SXTM CPU Task to 386SX™ CPU TJ 

From 386SXTM CPU Task to Virtual 8086J 
JMP = Unconditional Jump 

Short 

Direct within Segment 

Register/ Memory Indirect within Segment 

Direct Intersegment >iS '" 

Protected Mode Only (Direct Intel 
Via Call Gate to Same Privj 
From 286 Task to 286 Ji 
From 286 Task to 386SXTM CPU TSS 
From 286 Task to Virtual 8086 Task (386SXTM CPU TSS) 
From 386SXTM CPU Task to 286 TSS 
From 386SXTM CPU Task to 386SXTM CPU TSS 
From 386SXTM CPU Task to Virtual 8086 Task (386SXTM CPU TSS) 

ndirect Intersegment 

Protected Mode Only (Indirect Intersegment) 
Via Call Gate to Same Privilege Level 
From 286 Task to 286 TSS 
From 286 Task to 386SXTM CPU TSS 
From 286 Task to Virtual 8086 Task (386SXTM CPU TSS) 
From 386SXTM CPU Task to 286 TSS 
From 386SXTM CPU Task to 386SXTM CPU TSS 
From 386SXTM CPU Task to Virtual 8086 Task (386SXTM CPU TSS) 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION 




CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within Segment 

Within Segment Adding Immediate to SP | 11000010 | 16-bit displ [ 

Intersegment 

Intersegment Adding Immediate to SP 

Protected Mode Only (RET): 
to Different Privilege Level 
Intersegment 
Intersegment Adding Immediate to SP 

CONDITIONAL JUMPS 

NOTE: Times Are Jump "Taken or Not Taken' 
JO = Jump on Overflow 

8 : Bit Displacement 
Full Displacement 

JNO = Jump on Not Overflow 

8-Bit Displacement 

Full Displacement 

JB/JNAE = Jump on Below/Not Above or Equal 

8-Bit Displacement 

Full Displacement ^ItLJPb 0t) 1111 

JNB/JAE = Jump on Not Below/ Above 

8-Bit Displacement 

Full Displacement 

JE/JZ = Jump on Equal/Zero 

8-Bit Displacement 
Full Displacement 

JNE/JNZ =JumponN 

8-Bit Displacement 

Full Displacement 

JBE/JNA = Jump on Below or Equal/N ot Above 

8-Bit Displacement 

Full Displacement 

JNBE/JA = Jump on Not Below or Equal / Above 

8-Bit Displacement 

Full Displacement 
JS = Jump on Sign 

8-Bit Displacement 

Full Displacement 
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Tabfe 9-1. Instruction Set Clock Count Summary (Continued) 






INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


CONDITIONAL JUMPS (Continued) 
JNS = Jump on Not Sign 





7 + mor3 
7 + mor3 

7 + mor3 
7+mor3 

7 + mor3 : 

7 + mo#; 

..f%nor3 
Pernor 3 

% hi or 3 
7 + mor3 

7 + mbr3 
7 + mor3 

7 + mor3 
7 + mpr3 
9+mor5 
9+mor5 

11+m 
11+m 
11+m 

4/5* , 

4/5* 

4/5* 


7 + mor3 
7 + m or 3 

7+mor3 
7+mo|3 

7+^3 

*$.+ m or 3 

7 + mor3 
7 + mor3 

7+mor3 
7 + mor3 

7+ mor3 
7 + mor3 

7 + mor3 
7 + mor3 
9 + m or 5 
9 + mor5 

11+m 
11+m 
il+m 

4/5* 
4/5* 
4/5* 




r 
r 

r 
r 

r 

r 

r 

r 

r 
r 

r 
r 

r 
r 
r 
r 

r 
r 
r 

h 
h 
h 


8-Bit Displacement | 011110 01 | 8-bit displ | 




Full Displacement | 00001111 | 10001001 | full displacement 


JP/JPE = Jump on Parity/Parity Even 


8-Bit Displacement J 01111010 | 8-bit displ | 




Full Displacement | 00001111 | 10001010 | full displacement 


JNP/JPO = Jump on Not Parity/Parity Odd 


8-Bit Displacement j 01111011 | 8-bit displ | 




Full Displacement ( 00001111 | 10001011 | full displacement 


JL/JNGE = Jump on Less/Not Greater or Equal ^ ^ ^ 


8-Bit Displacement | 01111100 | 8-bit displ | ^*^> 




Full Displacement | 0001111 | 10Q011Q& p^^placemejp' 


JNL/JGE = Jump on Not Less/Greater or Equal ,J^iT^ *^V^ 


8-Bit Displacement | 01111101 | 8«pd|&i | X<& * 


Full Displacement | 00001111 |#$|$ifc$ 1101 | <j{ jS||acerqf$ ^ 


JLE/JNG = Jump on Less or Equal/Not Greater ,, ^ 4 i 5 % ^, $ *>\, ^ 


8-Bit Displacement | 011JJ^t{H 8-bit<Ml» J >&# V 


p ^'^ *■«■' — i **r*' 1 v\ Ts V s 

Full Displacement | QJ$.tf ~t 1 1 | 10 011^0 Jitf^lacement 


JNLE/JG = Jump on Not Less or Equal/Grater > ' %# ^ s /^ ^ 


8-Bit Displacement | 1 1 1 1 1 ,11 "iv^S-b^dl^ ^ | 


Full Displacement j OOOOV^lVj i^jiti | full displacement 


JCXZ * Jump on CX Zero | 1 il.0^0 1 1 r 1^ ^iit displ | 




:^;.. ■■*■ 


JECXZ = Jump on ECX Zero „ j 1110 011 


8-bit displ j 


(Address Size Prefix Differentiate^^|%b ? m JECXZ) 


LOOP = Loop CX Times ^\;'0" | 11100010 | 8-bit displ | 




Zero/Equal | 1110 01 | 8-bit displ j 




NotZero | 11100000 | 8-bit displ | 


CONDITIONAL BYTE SET 

NOTE: Times Are Register/Memory 

SETO = Set Byte on Overflow 


To Register/Memory . ■/ j 00 001111 | 10010000 j mod 000 r/m j 


SETNO = Set Byte on Not Overflow 


To Register/Memory | 00001111 j 10010001 | mod r/m | 


SETB/SETNAE = Set Byte on Below/Not Above or Equal 


To Register/Memory j 1 i 1 1 | 10010010 | mod 000 r/m | 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 





CLOCK COUNT 


NOTES 


Real 




Real 




INSTRUCTION FORMAT 


Address 


Protected 


Address 


Protected 




Mode or 


Virtual 


Mode or 


Virtual 




Virtual 


Address 


Virtual 


Address 




8086 


Mode 


8086 


Mode 




Mode 




Mode 




INTERRUPT INSTRUCTIONS 










INT = Interrupt: 


37 
33 




b 
b 




Type Specified | 110 01101 | type | 




Type 3 | 1 1 1 1 | 


INTO = interrupt 4 if Overflow Flag Set | 110 01110 | 


If OF = 1 


35 




b,e 




If OF = 


3 


3 


b,e 




Bound = Interrupt 5 if Detect Value | 0110 010 | mod reg r/m | 


Out of Range 




#?l|^ 






If Out of Range . , 


44 4 


s>^' 


b,e 


e, g. h, j, k, r 


If In Range 4 


10 f ;0 


t/ 10 


b, e 


e, g, h, j, k, r 


Protected Mode Only (INT) 










INT: Type Specified v 


Y \^v 








Via Interrupt or Trap Gate \^ " 


^. * ;: 








Via Interrupt or Trap Gate 










to Same Privilege Level ^ ;„; :^ ,^ s 


v., 


71 




9, j, k, r 


to Different Privilege Level ,, S; ' , w % , s * 




111 




g, j, k, r 


From 286 Task to 286 TSS via Task Gate , ^ s ; \ f 




438 




g, j, k, r 


From 286 Task to 386SX™ CPU TSS via Task Gate ,* ^ % 




465 




g, j, k, r 


From 286 Task to virt 8086 md Via Task Gate ' ^ -- * ^ \ ' 




382 




g.j.k.r 


From 386SX™ CPU Task to 286 TSS via Task Gate - „* % -° s 




440 




g, j, k, r 


From 386SX™ CPU Task to 386SX™ CPU TSS v& Task Oate < < , — 




467 




g. j, k, r 


From 386SX™ CPU Task to virt 8086 md via Tasft^ate ^ \, x * "* 




384 




9.j.k,r 


From virt 8086 md to 286 TSS via Task Gat©^ ? ^ * - " - 




445 




g. j, k, r 


From virt 8086 md to 386SXTM CPU TSS v«^Tltsk Gate , ^ \^ 




472 




g, j, k, r 


From virt 8086 md to pnv level via Tr^> 0ate Or Interrupt <3$te, ; 




275 






INT: TYPE 3 










Via Interrupt or Trap Gate — ; " , 










to Same Privilege Level % - 




71 




g, j, k, r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




111 




g,j,k,r 


From 286 Task to 286 TSS via Task Gate 




382 




g, j, k, r 


From 286 Task to 386SXTM CPU TSS Via Task Gate 




409 




g.j,k,r 


From 286 Task to Virt 8086 rodvia"fll#k Gate 




326 




g, j, k, r 


From 386SX™ CPU Task to 388 TSS via Task Gate 




384 




g,j,k,r 


From 386SX™ CPU TaSk toS86Sx™ CPU TSS via Task Gate 




411 




g, j, k, r 


From 386SX™ CPU Task 10 Virt 8086 md via Task Gate 




328 




g.J.k.r 


From virt 8086 md to 286 TSS via Task Gate 




389 




g, j, k, r 


From virt 8086 md to 386SX™ CPU TSS via Task Gate 




416 




g,j,k,r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




223 






INTO: 










Via Interrupt or Trap Grate 










to Same Privilege Level 




71 




g. j, k, r 


Via Interrupt or Trap Gate 










to Different Privilege Level 




111 




g, j, k, r 


From 286 Task to 286 TSS via Task Gate 




384 




g, j, k, r 


From 286 Task to 386SX™ CPU TSS via Task Gate 




411 




g,j,k,r 


From 286 Task to virt 8086 md via Task Gate 




. 328 




g, j, k, r 


From 386SX™ CPU Task to 286 TSS via Task Gate 




386 




g, j, k, r 


From 386SX™ CPU Task to 386SX™ CPU TSS via Task Gate 




413 




g, j, k, r 


From 386SX™ CPU Task to virt 8086 md via Task Gate 




329 




g, j, k, r 


From virt 8086 md to 286 TSS via Task Gate 




391 




g, j, k, r 


From virt 8086 md to 386SX™ CPU TSS via Task Gate 




418 




g, j, k, r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate 




223 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 







CLOCK COUNT 


NOTES 


Real 




Real 




INSTRUCTION FORMAT 




Address 


Protected 


Address 


Protected 






Mode or 


Virtual 


Mode or 


Virtual 






Virtual 


Address 


Virtual 


Address 






8086 


Mode 


8086 


Mode 






Mode 




Mode 




INTERRUPT INSTRUCTIONS (Continued) 












BOUND: 












Via Interrupt or Trap Gate 












to Same Privilege Level 






71 




g, i, k, r 


Via Interrupt or Trap Gate 












to Different Privilege Level 






111 




g, J, k, r 


From 286 Task to 286 TSS via Task Gate 






358^ 




g, j, k, r 


From 286 Task to 386SXTM CPU TSS via Task Gate 






Wb 




g,j,k,r 


From 268 Task to virt 8086 Mode via Task Gate 






^%|g»» 




g, i, k, r 


From 386SXTM CPU Task to 286 TSS via Task Gate 




<t 


kfTe 




g, j, k, r 


From 386SXTM CPU Task to 386SXTM CPU TSS via Task Gate 








g, j, k, r 


From 386SX™ CPU Task to virt 8086 Mode via Task Gate 


, u 


* *\^ 


} 347 




g, j, k, r, 


From virt 8086 Mode to 286 TSS via Task Gate 


'--- %x \- 


*k* \** 


368 




g, j, k, r 


From virt 8086 Mode to 386SXTM CPU TSS via Task Gate 


%**** 


\?* 


398 




g, j, k, r 


From virt 8086 md to priv level via Trap Gate or Interrupt Gate ?x 


■: ' V '--' V,,-; 


^ n 


223 






INTERRUPT RETURN ;\ N 




N 








Av- ^ 


: '" 


S'0 






g, h, j, k, r 


IRET = Interrupt Return | 11001111 | v ^^ * 


Protected Mode Only (I RET) ^ ^ ;t; f * ^ 












To the Same Privilege Level (within task) ^ v > " -\- 


<"\ 




42 




g, h, j, k, r 


To Different Privilege Level (within task) \ K ^ 

From 286 Task to 286 TSS ^ ^ ' v % (i s ; % 


-^ 




86 




g, h,j,k,r 


" , *?\ 




285 




h, j, k, r 


From 286 Task to 386SXTM CPU TSS - /»* \*y? 






318 




h.j.k.r 


From 286 Task to Virtual 3086 Task s- - ' ^ll 






267 




h, j, k, r 


From 286 Task to Virtual 8086 Mode (wittirt l&sk) v ^ 


*/\ * * 




113 






From 386SXTM CPU Task to 286 TSS ' ; c * ^ ' *" ,; s ^ ;V ^ : 


5 




324 




h, j, k, r 


From 386SXTM CPU Task to 386SX?*? CPU TSS . ^ * ^ ' t 






328 




h, j, k, r 


From 386SXTM CPU Task to Virtual 8086 Task /^ : \ K < v 






377 




h,j,k,r 


From 386SXTM CPU Task to Virtual 8086 Mode (w#wn task) N v ' 






113 






PROCESSOR CONTROL 




5 


5 




I 


HLT = HALT | 1 1 1 1 1 | 


MOV = Move to and From Corrtrol/Deoug/Test Registers 




10/4/5 
6 

22 
16 
14 
22 
12 
12 
3 
6 


10/4/5 
6 

22 
16 
14 
22 
12 
12 
3 
6 






CR0/CR2/CR3 from register , ^ " | 00001111 | 00100010 


1 1 eee reg | 




Register From CR0-3 ' | 0000111 1| 00100000 


1 1 eee reg | 




DRO-3 From Register | 00001111 | 00100011 


" 1 1 eee reg | 






DR6-7 From Register | 00001111 | 00100011 


1 1 eee reg | 






Register from DR6-7 | 0000111.1 | 00100001 


1 1 eee reg | 






Register from DRO-3 | 00001111 | 00100001 


1 1 eee reg | 






TR6-7 from Register | 00001111 | 00100110 


1 1 eee reg | 






Register from TR6-7 | 00001111 | 00100100 


1 1 eee reg | 






NOP = No Operation | 1001 0000 | 




WAIT = Wait until BUSY* pin is negated | 10 011011 | 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 



INSTRUCTION FORMAT 


CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


PROCESSOR EXTENSION INSTRUCTIONS 






k 
t,,.«? 

"■•iff?" 

V 4 
> 


See 
387SX 

data sheet for 
clock counts 





N/A 
N/A 

11* 
11* 

N/A 
10/13 

N/A 
N/A 

N/A 

9* 

9* 
N/A 











20/21** 
15/16* 

11* 

11* 

20/24* 
10/13* 

20/21* 
25/26* 

23/27* 
9* 
9* 
2/2* 


a 

a 

b,c 
b,c 

a 
b,c 

a 
a 

a 

b,c 
b,c 

a 


h 
m 

h 

g.h.j.p 

h,! 

h,l 

g.h.j.l 
h,l 

g.h.j.P 

g.h.j.p 
g.h.j.i 

h 

h 

h 


Processor Extension Escape | 1 1 1 1 T T T j mod L L L r/m 

TTT and LLL bits are opcode 
information for coprocessor. 

PREFIX BYTES 


Address Size Prefix | 0110 0111 




LOCK = Bus Lock Prefix | 11110 


Operand Size Prefix | 110 0110 
Segment Override Prefix 


CS: | 1 1 1 1 


DS: | 001 1 1 1 10 


ES: | 010 0110 


FS: | 0110 010 


GS: | 1 1 1 1 


SS: | 001 101 10 
PROTECTION CONTROL 
ARPL = Adjust Requested Privilege Level s ^ 






From Register/Memory | 011000,1^::; 


mod reg ^ 


LAR » Load Access Rights 4S , !%f "'^ 


v 


From Register/Memory | Oti%0^ 1 1 1 


o#%#o 


.iSM* 


r/m | 


LGDT = Load Global Descriptor 






Table Register | 011 $^ N 
LIDT = Load Interrupt Descriptor < * ^'^ 


^Q0 0^|^Tmod010 


r/m | 


Table Register I 00 0f\/l 

\^ * 

LLDT = Load Local Descriptor f, s / ; 


B^SOOOI |mod011 


r/m | 


Register/Memory^ X\<Fo 01111 

%</% 

LMSW = Load Machine Sta^Vord 


00000000 [mod0 10 


r/m | 


From Register/Memory j 01111 
LSL = Load Segment Limit 


00000001 |mod110 


r/m j 


From Register/Memory | 01111 
Byte-Granular Limit 
Page-Granular Limit 
LTR = Load Task Register 


0011 j mod reg 


r/m | 


From Register/Memory | 01111 
SGDT = Store Global Descriptor 


00000000 |mod001 


r/m | 


Table Register | 01111 
SJDT ~ Store Interrupt Descriptor 


00000001 |mod000 


r/m I 


Table Register | 001 1 1 1 
SLDT » Store Local Descriptor Table Register 


00000001 | mod 001 


r/m | 


To Register/Memory | 00 01111 


00000000 |mod000 


r/m | 
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Table 9-1. Instruction Set Clock Count Summary (Continued) 






INSTRUCTION 


FORMAT 




CLOCK COUNT 


NOTES 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 

Address 
Mode 


PROTECTION CONTROL (Continued) 

SMSW = Store Machine 
Status Word 

STR = Store Task Register 

To Register/Memory 

VERR = Verify Read Access 

Register/ Memory 

VERW = Verify Write Access 






2/2* 

N/A 

N/A 
N/A 


2/2* 

2/2* 

10/11* 
15/16* 


b,c 
a 

a 

a 


h,l 

h 

g,h,j,p 
g, h, j, p 


| 00001111 | 00000001 |mod100 


r/m| 


| 00001111 | 000 000 |mod001 


r/m| 


| 00001111 | 00000000 |mod100 


r/m| 


| 01111 | | mod 1 1 


r/m | 



INSTRUCTION NOTES FOR TABLE 9-1 

Notes a through c apply to Real Address Mode only: 

a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode). 

b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, DS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 

c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 

Notes d through g apply to Real Address Mode and Protected Virtual Address Mode: 

d. The 386SX CPU uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most 
significant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > then max ([log2 |m|], 3)' + 'b clocks: 

if m = then 3 + b clocks 
In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 12 for memory to register, 
b = 10 for register with immediate to register, 
b = 1 1 for memory with immediate to register. 

e. An exception may occur, depending on the value of the operand. 

f. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK# prefix. 

g. LOCK# is asserted during descriptor table accesses. 

Notes h through r apply to Protected Virtual Address Mode only: 

h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, DS, ES, FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 
limit violation or not present) occurs. 

i. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, DS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. 

j. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK# to maintain 
descriptor integrity in multiprocessor systems. 

k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than (0 is the most privileged level), 
m. An exception 13 fault occurs if CPL is greater than IOPL. 

n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 
updated only if CPL = 0. 

o. The PE bit of the MSW (CR0) cannot be reset by this instruction. Use MOV into CR0 if desiring to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 

q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 1 2 fault (stack segment limit violation 
or not present) will occur if the stack limit is violated by the operand's starting address. 

r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 

s/t. The instruction will execute in s clocks if CPL ^ IOPL If CPL > IOPL, the instruction will take t clocks. 
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9.2 INSTRUCTION ENCODING 



9.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod r/m" 
byte and "scaled index" byte, a displacement if re- 
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod r/m 
byte, specifies the address mode to be used. Certain 



encodings of the mod r/m byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod r/m byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im- 
mediately following the mod r/m byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 9-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the r/m field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 
tions, sometimes within the opcode bytes them- 
selves. Table 9-2 is a complete list of all fields ap- 
pearing in the instruction set. Further ahead, follow- 
ing Table 9-2, are detailed tables for each field. 



TTTTTTTTlTTTTTTTTlmodTTTr/m| ssindexbase | d32 1 16 | 8 | none data32 | 16 | 8 | none 

J \ J. 



7 



JK 7 6 5 3 2 A 7 6 5 3 2 A 



opcode 

(one or two bytes) 

(T represents an 

opcode bit.) 



"mod r/m" 
byte 



"s-i-b" 
byte 



register and address 
mode specifier 



address 
displacement 
(4, 2, 1 bytes 

or none) 



immediate 

data 

(4, 2, 1 bytes 

or none) 



Figure 9-1. General Instruction Format 



Table 9-2. Fields within Instructions 



Field Name 


Description 


Number of Bits 


w 


Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 


'■. 1 


d 


Specifies Direction of Data Operation 


1 


s 


Specifies if an Immediate Data Field Must be Sign-Extended 


1 


reg 


General Register Specifier 


3 


mod r/m 


Address Mode Specifier (Effective Address can be a General Register) 


2 for mod; 

3 for r/m 


ss 


Scale Factor for Scaled Index Address Mode 


2 


index 


General Register to be used as Index Register 


3 


base 


General Register to be used as Base Register 


3 


sreg2 


Segment Register Specifier for CS, SS, DS, ES 


2 


sreg3 


Segment Register Specifier for CS, SS, DS, ES, FS, GS 


3 


tttn 


For Conditional Instructions, Specifies a Condition Asserted 






or a Condition Negated 


4 



Note: Table 9-1 shows encoding of individual instructions. 
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9.2.2 32-Bit Extensions of the 
Instruction Set 

With the 386SX CPU, the 8086/80186/80286 in- 
struction set is extended in two orthogonal direc- 
tions: 32-bit forms of all 16-bit instructions are added 
to support the 32-bit data types, and 32-bit address- 
ing modes are made available for all instructions ref- 
erencing memory. This orthogonal instruction set ex- 
tension is accomplished having a Default (D) bit in 
the code segment descriptor, and by having 2 prefix- 
es to the instruction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the D bit in 
the code segment descriptor, which gives the de- 
fault length (either 32 bits or 1 6 bits) for both oper- 
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a D value of is assumed internally by the 
386SX CPU when operating in those modes (for 16- 
bit default sizes compatible with the 8086/80186/ 
80286). 

Two prefixes, the Operand Size Prefix and the Effec- 
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op- 
code bytes and affect only the instruction they pre- 
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres- 
ence of the Operand Size Prefix toggles the instruc- 
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres- 
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa- 
tions. 

These 32-bit extensions are available in all modes, 
including the Real Address Mode or the Virtual 8086 
Mode. In these modes the default is always 16 bits, 
so prefixes are needed to specify 32-bit operands or 
addresses. For instructions with more than one pre- 
fix, the order of prefixes is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

9.2.3 Encoding of Instruction Fields 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi- 
ately ahead. 



9.2.3.1 ENCODING OF OPERAND LENGTH (w) 
FIELD 

For any given instruction performing a data opera- 
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 



w Field 


Operand Size 

During 16-Bit 

Data Operations 


Operand Size 

During 32-Bit 

Data Operations 



1 


8 Bits 
16 Bits 


8 Bits 
32 Bits 



9.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod r/m" byte, or as the r/m 
field of the "mod r/m" byte. 

Encoding of reg Field When w Field 
is not Present in Instruction 





Register Selected 


Register Selected 


reg Field 


During 16-Bit 


During 32-Bit 




Data Operations 


Data Operations 


000 


AX 


EAX 


001 


CX 


ECX 


010 


DX 


EDX 


011 


BX 


EBX 


100 


SP 


ESP 


101 


BP 


EBP 


101 


SI 


ESI 


101 


Dl 


EDI 



Encoding of reg Field When w Field 
is Present in Instruction 



Register Specified by reg Field 
During 16-Bit Data Operations: 


reg 


Function of w Field 


(when w = 0) 


(when w = 1) 


000 
001 
010 
011 
100 
101 
110 

111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 
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Register Specif led by reg Field 
During 32-Bit Data Operations 


reg 


Function of w Field 


(whenw-0) 


(whenw = 1) 


000 
001 
010 
011 
100 
101 
110 

111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 



9.2.3.3 ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the 386SX CPU FS and GS seg- 
ment registers to be specified. 

2-Bit sreg2 Field 



2-Bit 
sreg2 Field 


Segment 
Register 
Selected 


00 
01 
10 

11 


ES 
CS 
SS 
DS 



3-Bit sreg3 Field 



3-Bit 
sreg3 Field 


Segment 
Register 
Selected 


000 
001 
010 
011 
100 
101 
110 

111 


ES 

CS 

SS 

DS 

FS 

GS 
do not use 
do not use 



9.2.3.4 ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
r/m" byte, and a second byte of addressing informa- 
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
r/m" byte has r/m = 100 and mod = 00, 01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod r/m" byte, 
also contains three bits (shown as TTT in Figure 8-1) 
sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad- 
dressing uses 16-bit address components to calcu- 
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef- 
fective address. When 16-bit addressing is used, the 
"mod r/m" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod r/m" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en- 
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of 16-bit Address Mode with "mod r/m" Byte 



mod r/m 


Effective Address 


00 000 


DS:[BX+SI] 


00 001 


DS:[BX + DI] 


00 010 


SS:[BP + SI] 


00 011 


SS:[BP + DI] 


00100 


DS:[SI] 


00101 


DS:[DI] 


00110 


DS:d16 


00111 


DS:[BX] 


01000 


DS:[BX + SI + d8] 


01 001 


DS:[BX + DI + d8] 


01010 


SS:[BP + SI + d8] 


01011 


SS:[BP+DI + d8] 


01 100 


DS:[SI + d8] 


01 101 


DS:[DI + d8] 


01 110 


SS:[BP + d8] 


01111 


DS:[BX + d8] 



mod r/m 


Effective Address 


10 000 


DS:[BX + SI + d16] 


10 001 


DS:[BX + DI + d16] 


10010 


SS:[BP + SI + d16] 


10011 


SS:[BP + DI + d16] 


10100 


DS:[SI + d16] 


10101 


DS:[DI + d16] 


10110 


SS:[BP + d16] 


10111 


DS:[BX + d16] 


11000 


register — see below 


11001 


register — see below 


11010 


register — see below 


11011 


register— see below 


11 100 


register—see below 


11101 


register — see below 


11110 


register — see below 


11 111 


register — see below 



Register Specified by r/m 
During 16-Bit Data Operations 


mod r/m 


Function of w Field 


(when w=0) 


(when w = 1) 


11000 
11 001 
11010 
11011 
11 100 
11101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



Register Specified by r/m 
During 32-Bit Data Operations 


mod r/m 


Function of w Field 


(when w=0) 


(when w = 1) 


11000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 
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Encoding of 32-bit Address Mode with "mod r/m" byte (no "s-i-b" byte present): 



modr/m 


Effective Address 


00 000 


DS:[EAX] 


00 001 


DS:[ECX] 


00 010 


DS:[EDX] 


00 011 


DS:[EBX] 


00100 


s-i-b is present 


00101 


DS:d32 


00110 


DS:[ESI] 


00111 


DS:[EDI] 


01000 


DS:[EAX + d8] 


01001 


DS:[ECX+d8] 


01010 


DS:[EDX+d8] 


01011 


DS:[EBX + d8] 


01 100 


s-i-b is present 


01 101 


SS:[EBP + d8] 


01110 


DS:[ESI + d8] 


01111 


DS:[EDI + d8] 



modr/m 


Effective Address 


10 000 


DS:[EAX + d32] 


10 001 


DS:[ECX + d32] 


10010 


DS:[EDX+d32] 


10 011 


DS:[EBX+d32] 


10100 


s-i-b is present 


10 101 


SS:[EBP + d32] 


10110 


DS:[ESI + d32] 


10111 


DS:[EDI + d32] 


11000 


register— see below 


11001 


register— see below 


11010 


register— see below 


11011 


register — see below 


11 100 


register— see below 


11101 


register— see below 


11 110 


register— see below 


11 111 


register — see below 



Register Specified by reg or r/m 
during 16-Bit Data Operations: 


mod r/m 


function of w field 


(whenw=0) 


(whenw=1) 


11000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



Register Specified by reg or r/m 
during 32-Bit Data Operations: 


mod r/m 


function of w field 


(whenw=0) 


(whenw=1) 


11000 
11 001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
EDI 
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Encoding of 32-bit Address Mode ("mod r/m" byte and "s-i-b" byte present): 



mod base 


Effective Address 


00 000 


DS: [E AX + (scaled index)] 


00 001 


DS:[ECX+ (scaled index)] 


00 010 


DS: [EDX + (scaled index)] 


00 011 


DS:[EBX+ (scaled index)] 


00100 


SS: [ESP + (scaled index)] 


00101 


DS:[d32 + (scaled index)] 


00110 


DS:[ESI + (scaled index)] 


00111 


DS:[EDI + (scaled index)] 


01000 


DS: [E AX + (scaled index) + d8] 


01001 


DS:[ECX+ (scaled index) + d8] 


01 010 


DS: [EDX + (scaled index) + d8] 


01 011 


DS: [EBX + (scaled index) + d8] 


01 100 


SS:[ESP + (scaled index) + d8] 


01 101 


SS: [EBP + (scaled index) + d8] 


01110 


DS: [ESI + (scaled index) + d8] 


01 111 


DS: [EDI + (scaled index) + d8] 


10 000 


DS: [EAX + (scaled index) + d32] 


10 001 


DS: [ECX + (scaled index) + d32] 


10010 


DS: [EDX + (scaled index) + d32] 


10011 


DS: [EBX + (scaled index) + d32] 


10 100 


SS: [ESP + (scaled index) + d32] 


10101 


SS:[EBP + (scaled index) + d32] 


10110 


DS: [ESI + (scaled index) + d32] 


10111 


DS:[EDI + (scaled index) + d32] 



NOTE: 

Mod field in 
"s-i-b" byte. 



'mod r/m" byte; ss, index, base fields in 



SS 



00 
01 
10 
11 



Scale Factor 



x1 
x2 
x4 
x8 



index 


index Register 


000 


EAX 


001 


ECX 


010 


EDX 


011 


EBX 


100 


no index reg** 


101 


EBP 


110 


ESI 


111 


EDI 



♦'IMPORTANT NOTE: 

When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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9.2.3.5 ENCODING OF OPERATION DIRECTION 
(d) FIELD 

In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 



Direction of Operation 



Register/ Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 



< - - Register/ Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 



9.2.3.6 ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im- 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 



Effect on 
Immediate Data8 


Effect on 
Immediate Data 16|32 


None 

1 Sign-Extend Data8 to Fill 
16-Bit or 32-Bit Destination 


None 
None 



9.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n = 0) or its negation (n = 1 ), 
and ttt giving the condition to test. 



Mnemonic 


Condition 


tttn 





Overflow 


0000 


NO 


No Overflow 


0001 


B/NAE 


Below/ Not Above or Equal 


0010 


NB/AE 


Not Below/Above or Equal 


0011 


E/Z 


Equal/Zero 


0100 


NE/NZ 


Not Equal/ Not Zero 


0101 


BE/NA 


Below or Equal/Not Above 


0110 


NBE/A 


Not Below or Equal/Above 


0111 


S 


Sign 


1000 


NS 


Not Sign 


1001 


P/PE 


Parity/ Parity Even 


1010 


NP/PO 


Not Parity/Parity Odd 


1011 


L/NGE 


Less Than/Not Greater or Equal 


1100 


NL/GE 


Not Less Than/Greater or Equal 


1101 


LE/NG 


Less Than or Equal/Greater Than 


1110 


NLE/G 


Not Less or Equal/Greater Than 


1111 



9.2.3.8 ENCODING OF CONTROL OR DEBUG 
OR TEST REGISTER (eee) FIELD 

For the loading and storing of the Control, Debug 
and Test registers. 

When Interpreted as Control Register Field 



eee Code 


Reg Name 


000 
010 
011 


CR0 
CR2 
CR3 


Do not use any other encoding 



When Interpreted as Debug Register Fieid 



eee Code 


Reg Name 


000 


DR0 


001 


DR1 


010 


DR2 


011 


DR3 


110 


DR6 


111 


DR7 


Do not use any other encoding 



When Interpreted as Test Register Field 


eee Code 


Reg Name 


110 
111 


TR6 
TR7 


Do not use any other encoding 
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DATA SHEET REVISION REVIEW 

The following list represents key differences between this and the -001 version of the 386SXTM microproces- 
sor data sheet. Please review this summary carefully. 



The sections 

Front Page 
Section 2.0 
Section 2.1 
Section 2.1 
Section 2.7 

Section 4.2 
Section 4.5 

Section 5.1 



Section 5.1 

Section 5.4 

Section 7.5 
Section 9.2 



significantly revised since version -001 are: 

the Microarchitecture diagram was added. 

Figure 2.1 was updated to show the 16-bit registers Si, Dl, BP and SP. 

Figure 2.2 was updated to show the correct bit polarity for bit 4 in the CRO register. 

Table 2.1 was updated to include additional information on the EFLAGs register. 

In the subsection Maskable Interrupt a paragraph was added to describe the effect of 
interrupt gates on the IF EFLAGs bit. 

Figures 4.4 and 4.5 were updated to show the AVL bit field. 

The last sentence in the first paragraph of subsection PROTECTION AND I/O PERMIS- 
SION BIT MAP was deleted. This was an incorrect statement. 

In the Subsection ADDRESS BUS (BHE#, BLE#, A23-A1), the last sentence in the first 
paragraph was updated to reflect the numerics operand addresses as 8000FCH and 
8000FEH. Because the 386SX CPU sometimes does a double word I/O access a sec- 
ond access, to 8000FEH, can be seen. 

The Subsection Hold Latencies was updated to describe how 32-bit and unaligned 
accesses are internally locked but do not assert the LOCK # signal. 

Figure 5.14 was modified to show the correct states of A1 and BLE# during a Halt 
Indication Cycle. 

This entire section was updated to reflect the new ICE-386SX emulator. 

The section INSTRUCTION ENCODING was appended to the data sheet. 
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80387SX 
80-BIT NUMERIC PROCESSOR EXTENSION 



High Performance 80-Bit Internal 
Architecture 

Two to Three Times 8087/80287 
Performance at Equivalent Clock Speed 

Implements ANSI/IEEE Standard 754- 
1985 for Binary Floating-Point 
Arithmetic 

Fully compatible with 80387. 
Implements all 80387 architectural 
enhancements over 8087 and 80287. 

Upward Object-Code Compatible from 
8087 and 80287 

Interfaces with 386SXTM 
Microprocessor 

Expands 386SXTM CPU Data Types to 
Include 32-, 64-, 80-Bit Floating Point, 
32-, 64-Bit Integers and 18-Digit BCD 
Operands 



Directly Extends 386SXTM CPU 
Instruction Set to Trigonometric, 
Logarithmic, Exponential, and 
Arithmetic Instructions for All Data 
Types 

Full-Range Transcendental Operations 
for SINE, COSINE, TANGENT, 
ARCTANGENT, and LOGARITHM. 

Built-in Exception Handling 

Operates Independently of Real, 
Protected, and Virtual-8086 Modes of 
the 386SXTM Microprocessor 

Eight 80-Bit Numeric Registers, Usable 
as Individually Addressable General 
Registers or as a Register Stack 

Available in a 68-pin PLCC Package 
(see Packaging Specs: Order #231369) 



The Intel 80387SX is a high-performance numerics processor extension that extends the architecture of the 
386SX™ Microprocessor with floating point, extended integer, and BCD data types. A computing system that 
includes the 80387SX fully conforms to the IEEE Floating Point Standard. Using a numerics oriented architec- 
ture, the 80387SX adds over seventy mnemonics to the instruction set of the 386SX Microprocessor, making a 
complete solution for high-performance numerics processing. The 80387SX is implemented with 1 .5 micron, 
high-speed CHMOS III technology. The 80387SX is upward object-code compatible from the 80287 and 8087 
numerics coprocessors and completely object-code compatible with the 80387 numerics coprocessor. 



BUS CONTROL LOGIC DATA INTERFACE AND CONTROL UNIT . 



FLOATING POINT UNIT 



STATUS WORD 



CONTROL WORD 



I 
I 



I 
. J 



DATA FIFO 
2.5x32 BIT 
REGISTERS 



INTERNAL I 

DATA 

BUS 



OPERAND B EXP 
REGISTER (16-BIT) 



MICRO INSTRUCTION BUS 



MICRO 
-► INSTRUCTION 
SEQUENCER 



MANTISSA ADDER 
(68-BIT) ♦ 
SUM REGISTER 



16-BIT LEFT/RIGHT 
BARREL SHIFTER ♦ 
68-BIT REGISTER 



FPU CONTROL ♦ 



CORDICS NANO-MACHINE 



X 



Figure 0-1. Block Diagram 
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386SXTM Microprocessor Registers 



GENERAL REGISTERS 
31 16 15 



SEGMENT REGISTERS 
15 



80387SX Data Registers 



79 78 64 63 



Tag 
Field 

1 



EAX A . X 

I AH I AL 


EBX , B , X 

| BH I BL 


ECX , C , X 

I CH | CL 


EDX . D , X 

| DH | DL 


ESI , 


EDI 

I ^ 


EBP 

I B . P 


ESP 

SP 

1 1 1 



cs 

—H — 

ss 

— I — 
DS 

— I — 
ES 

— I — 



FS 

— I — 

GS 

— I — 



RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 



Sign 


Exponent 


Significand 
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Figure 1-1. 386SXTM Microprocessor and 80387SX Coprocessor Register Set 



1.0 FUNCTIONAL DESCRIPTION 

The 80387SX Numerics Processor Extension (NPX) 
provides arithmetic instructions for a variety of nu- 
meric data types. It also executes numerous built-in 
transcendental functions (e.g. tangent, sine, cosine, 
and log functions). The 80387SX effectively extends 
the register and instruction set of its CPU for existing 
data types and adds several new data types as well. 
Figure 1-1 shows the model of registers visible to 
the 386SXTM Microprocessor and 80387 Coproces- 
sor applications programs. Essentially, the 80387SX 
can be treated as an additional resource or an ex- 
tension to the 386SX Microprocessor. The 386SX 
Microprocessor together with an 80387SX NPX can 
be used as a single unified system, the 386SX Mi- 
croprocessor and 80387 Coprocessor. 

The 80387SX Numerics Processor Extension works 
the same whether the CPU is executing in real-ad- 
dress mode, protected mode, or virtual-8086 mode. 
All references to memory for numerics data or status 
information are performed by the CPU, and there- 
fore obey the memory-management and protection 
rules of the CPU mode currently in effect. The 
80387SX Numerics Processor Extension merely op- 
erates on instructions and values passed to it by the 



CPU and therefore is not sensitive to the processing 
mode of the CPU. 

In real-address mode and virtual-8086 mode, the 
386SX Microprocessor and 80387 Coprocessor is 
completely upward compatible with software for the 
8086/8087 and 80286/80287 real-address mode 
systems. 

In protected mode, the 386SX Microprocessor and 
80387 Coprocessor is completely upward compati- 
ble with software for the 80286/80287 protected 
mode system. 

In all modes, the 386SX Microprocessor and 80387 
Coprocessor is completely compatible with software 
for the 80836/80387 system. 

The only differences of operation that may appear 
when 8086/8087 programs are ported to the pro- 
tected-mode 386SX Microprocessor and 80387 Co- 
processor system (not using virtual-8086 mode) is in 
the format of operands for the administrative instruc- 
tions FLDENV, FSTENV, FRSTOR, and FSAVE. 
These instruction are normally used only by excep- 
tion handlers and operating systems, not by applica- 
tions programs. 
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2.0 PROGRAMMING INTERFACE 

The 80387SX NPX adds to an 386SX Microproces- 
sor system additional data types, registers, instruc- 
tions, and interrupts specifically designed to facili- 
tate high-speed numerics processing. To use the 
80387SX NPX requires no special programming 
tools, because all new instructions and data types 
are directly supported by the assembler and compil- 
ers for high-level languages. All 386 Microprocessor 
development tools that support 80387 programs can 
also be used to develop software for the 386SX Mi- 
croprocessor and 80387 Coprocessor. All 8086/ 
8088 development tools that support the 8087 can 
also be used to develop software for the 386SX Mi- 
croprocessor and 80387 Coprocessor in real-ad- 
dress mode or virtual-8086 mode. All 80286 devel- 
opment tools that support the 80287 can also be 
used to develop software for the 386SX Microproc- 
essor and 80387 Coprocessor. 

The 80387SX NPX supports all 80387 instructions. 
The 386SX Microprocessor and 80387 Coprocessor 
supports all the same programs and gives the same 
results as an 386 Microprocessor and 80387 Co- 
processor. 

All communication between the CPU and the NPX is 
transparent to applications software. The CPU auto- 
matically controls the NPX whenever a numerics in- 
struction is executed. All physical memory and virtu- 
al memory of the CPU are available for storage of 
the instructions and operands of programs that use 
the NPX. All memory addressing modes, including 
use of displacement, base register, index register, 
and scaling, are available for addressing numerics 
operands. 

Section 7 at the end of this data sheet lists by class 
the instructions that the 80387SX NPX adds to the 
instruction set of an 386SX Microprocessor system. 



2.1 Data Types 

Table 2-1 lists the seven data types that the NPX 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at physical-memory addresses 
that correspond to the word size of the CPU; oper- 
ands may begin at any other addresses, but will re- 
quire extra memory cycles to access the entire oper- 
and. 

Internally, the NPX holds all numbers in the extend- 
ed-precision real format. Instructions that load oper- 
ands from memory automatically convert operands 
represented in memory as 16-, 32-, or 64-bit inte- 
gers, 32- or 64-bit floating-point numbers, or 18-digit 
packed BCD numbers into extended-precision real 
format. Instructions that store operands in memory 
perform the inverse type conversion. 



2.2 Numeric Operands 

A typical NPX instruction accepts one or two oper- 
ands and produces one (or sometimes two) results. 
In two-operand instructions, one operand is the con- 
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele- 
ment. 
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Table 2-1. 80387SX Data Type Representation In Memory 



Data 
Formats 



Range 



Precision 



Most Significant Byte = HIGHEST ADDRESSED BYTE 



7 



7 



7 



7 



7 



7 



7 



7 



7 



7 



Word Integer 



±10^ 



16 Bits 



(TWO S 
COMPLEMENT) 



Short Integer 



±109 



32 Bits 



(TWOS 
COMPLEMENT) 



Long Integer 



±1018 



64 Bits 



I (TWOS 
COMPLEMENT) 



Packed BCD 



±1018 



18 Digits 



MAGNITUDE 



d, , dj , d, , d J 



Single Precision 



±10±38 



24 Bits 



BIASED 
EXPONENT 



23\ 
A— , 4 



Double Precision 



±10±308 



53 Bits 



BIASED 
EXPONENT 



SCT 



Extended 
Precision 



±10±4932 



64 Bits 



BIASED 
EXPONENT 



a. 



NOTES: 

(1) S = Sign bit (0 = positive, 1 = negative) 

(2) d n = Decimal digit (two per byte) 

(3) X = Bits have no significance; 80387 ignores when loading, zeros when storing 

(4) a = Position of implicit binary point 

(5) I = Integer bit of significand; stored in temporary real, implicit in single and double precision 

(6) Exponent Bias (normalized values): 
Single: 127 (7FH) 

Double: 1023 (3FFH) 
Extended REal: 16383 (3FFFH) 

(7) Packed BCD: (-1)S (D 17 ..D ) 

(8) Real: (-1)S (2E-BIAS) (F f^..) 



240225-2 
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2.3 Register Set 

Figure 1-1 shows the 80387SX register set. When 
an NPX is present in a system, programmers may 
use these registers in addition to the registers nor- 
mally available on the CPU. 



2.3.1 DATA REGISTERS 

80387SX computations use the 80387SX's data reg- 
isters. These eight 80-bit registers provide the equiv- 
alent capacity of 20 32-bit registers. Each of the 
eight data registers in the NPX is 80 bits wide and is 
divided into "fields" corresponding to the NPX's ex- 
tended-precision real data type. 

The NPX register set can be accessed either as a 
stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The NPX register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
register addressing is also relative to TOP. 



2.3.2 TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 2-1 shows. Each two-bit tag 
represents one of the eight data registers. The prin- 
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to identify special values (e.g. NaNs or denor- 
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 



2.3.3 STATUS WORD 

The 1 6-bit status word (in the status register) shown 
in Figure 2-2 reflects the overall state of the NPX. It 
may be read and inspected by programs. 

Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY# output of NPX. 

Bits 13-11 (TOP) point to the NPX register that is 
the current top-of-stack. 

The four numeric condition code bits (C3-C0) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2-2 
through 2-5, 



15 

















TAG (7) 


TAG (6) 


TAG (5) 


TAG (4) 


TAG (3) 


TAG (2) 


TAG(1) 


TAG(O) 



NOTE: 

The index i of tag(i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag(i) 
field refers to logical top of stack. 
TAG VALUES: 

00 = Valid 

01 = Zero 

10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 

11 = Empty 



Figure 2-1. Tag Word 
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TT 

TOP 
1 I 



BUSY 

TOP OF STACK POINTER 

CONDITION CODE 



rr 



ERROR SUMMARY STATUS - 
STACK FLAG - 



EXCEPTION FLAGS: 

PRECISION 

UNDERFLOW 

OVERFLOW 

ZERO DIVIDE 

DENORMALIZED OPERAND 

INVALID OPERATION 



240225-3 

ES is set if any unmasked exception bit is set; cleared otherwise. See Table 2-2 for interpretation of condition code. 
TOP values: 

000 = Register is Top of Stack 

001 = Register 1 is Top of Stack 



111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled "Exception Handling" 



Figure 2-2. Status Word 



Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR # signal is 
asserted. 

Bit 6 is the stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (Ci) distinguishes between stack 
overflow (C-| = 1) and underflow (Ci =0). 

Figure 2r2 shows the six exception flags in bits 5-0 
of the status word. Bits 5-0 are set to indicate that 
the NPX has detected an exception while executing 
an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 



Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR # output of the 
NPX is activated immediately. 
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Table 2-2. Condition Code Interpretation 



Instruction 


C0(S) 


C3(Z) 


C1 (A) 


C2(C) 


FPREM, FPREM1 
(see Table 2.3) 


Three least significant bits 
of quotient 
Q2 Q0 


Q1 
orO/U# 


Reduction 

= complete 

1 = incomplete 


FCOM, FCOMP, 
FCOMPP, FTST, 
FUCOM, FUCOMP, 
FUCOMPP, FICOM, 
FICOMP 


Result of comparison 
(see Table 2.4) 


Zero 
orO/U# 


Operand is not 
comparable 
(Table 2.4) 


FXAM - 


Operand class 
(see Table 2.5) 


Sign 
orO/U# 


Operand class 
(Table 2.5) 


FCHS, FABS, FXCH, 
FINCTOP, FDECTOP, 
Constant loads, 
FXTRACT, FLD, 
FILD, FBLD, 
FSTP (ext real) 


UNDEFINED 


Zero 
orO/U# 


UNDEFINED 


FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 
FDIV, FDIVR, 
FSUB, FSUBR, 
FSCALE, FSQRT, 
FPATAN, F2XM1, 
FYL2X, FYL2XP1 


UNDEFINED 


Roundup 
orO/U# 


UNDEFINED 


FPTAN, FSIN 
FCOS.FSINCOS 


UNDEFINED 


Roundup 
orO/U#, 
undefined 
if C2 = 1 


Reduction 

= complete 

1 = incomplete 


FLDENV,, FRSTOR 


Each bit loaded from memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
FCLEX, FINIT, 
FSAVE 


UNDEFINED 


0/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit 
distinguishes between stack overflow (C1 = 1) and underflow (C1 =0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is 
complete. When reduction is incomplete the value at the top of the stack is a partial remain- 
der, which can be used as input to further reduction. For FPTAN, FSIN, FCOS.and FSIN- 
COS, the reudction bit is set if the oeprand at the top of the stack is too large. In this case 
the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether the last rounding in the 
instruction was upward. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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Table 2-3. Condition Code Interpretation after FPREM and FPREM 1 Instructions 



Condition Code 


Interpretation after FPREM and FPREM 1 


C2 


C3 


C1 


CO 


1 


X 


X 


X 


Incomplete Reduction: 
further interation required 
for complete reduction 





Q1 


QO 


Q2 


Q MOD8 


Complete Reduction: 

CO, C3, C1 contain three least 

significant bits of quotient 




1 
1 



1 

1 




1 


1 



1 



1 






1 
1 
1 
1 



1 
2 
3 
4 
5 
6 
7 



Table 2-4. Condition Code Resulting from Comparison 



Order 


C3 


C2 


CO 


TOP > Operand 
TOP < Operand 
TOP = Operand 
Unordered 





1 
1 






1 




1 



1 



Table 2.5. Condition Code Defining Operand Class 



C3 


C2 


C1 


CO 


Value at TOP 
















1 


+ Unsupported 

+ NaN 










1 
1 




1 


- Unsupported 

- NaN 





1 








+ Normal 






1 
1 




1 


1 




+ Infinity 
- Normal 





1 




1 




1 




— Infinity 
+ 










1 


1 




+ Empty 
-0 






1 


1 




1 




- Empty 
+ Denormal 




1 


1 





- Denormal 
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XXX 



RC 



RESERVED 
RESERVED* 
ROUNDING CONTROL, 
PRECISION CONTROL 



T 

PC 



I 

X X 



RESERVED - 



EXCEPTION MASKS: 

PRECISION 

UNDERFLOW 

OVERFLOW 

ZERO DIVIDE 

DENORMALIZED OPERAND — 
INVALID OPERATION — 



•"0" AFTER RESET OR FINIT; 
CHANGEABLE UPON LOADING THE 
CONTROL WORD(CW). PROGRAMS 
MUST IGNORE THIS BIT. 



Precision Control 

00—24 bits (single precision) 
01— (reserved) 

10— 53 bits (double precision) 
11—64 bits (extended precision) 



Rounding Control 

00— Round to nearest or even 
01— Round down (toward -«>) 
10— Round up (toward + <») 
11— Chop (truncate toward zero) 



Figure 2-3. Control Word 



2.3.4 CONTROL WORD 



The NPX provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 2-3 shows the format 
and encoding of fields in the control word. 

The low-order byte of this control word configures 
exception masking. Bits 5-0 of the control word 
contain individual masks for each of the six excep- 
tions that the NPX recognizes. 

The high-order byte of the control word configures 
the NPX operating mode, including precision, round- 
ing, and infinity control. 

• The "infinity control bit" (bit 12) is not meaningful 
to the 80387SX NPX, and programs must ignore 
its value. To maintain compatibility with the 8087 
and 80287, this bit can be programmed; however, 
regardless of its value, the 80387SX NPX always 
treats infinity in the affine sense (- <» < + oo). 
This bit is initialized to zero both after a hardware 
reset and after the FINIT instruction. 



• The rounding control (RC) bits (bits 11-10) pro- 
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 

• The precision control (PC) bits (bits 9-8) can be 
used to set the NPX internal operating precision 
of the significand at less than the default of 64 
bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci- 
sion is determined by the opcode or extended 
precision is used. 
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2.3.5 INSTRUCTION AND DATA POINTERS 

Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report- 
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numeric instruction, the 386SX Microprocessor and 
80387 Coprocessor contains registers that aid in 
diagnosis. These registers supply the address of the 
failing instruction and the address of its numeric 
memory operand (if appropriate). 

The instruction and data pbinters are provided for 
user-written exception handlers. These registers are 
actually located in the CPU, but appear to be located 
in the NPX because they are accessed by the ESC 
instructions FLDENV, FSTENV, FSAVE, and 



FRSTOR. Whenever the CPU executes a new ESC 
instruction, it saves the address of the instruction 
(including any prefixes that may be present), the ad- 
dress of the operand (if present), and the opcode. 

The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the CPU (protected mode or real-address mode) 
and depending on the operand-size attribute in ef- 
fect (32-bit operand or 16-bit operand). (See Figures 
2-4, 2-5, 2-6, and 2-7.) The ESC instructions 
FLDENV, FSTENV, FSAVE, and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined if the prior ESC instruction did not have a 
memory operand. 
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Figure 2-4.lnstruction and Data Pointer Image In Memory, 32-bit Protected-Mode Format 



4-459 



inter 



80387SX 



ADVANCE ONIFOIRQflAPOM 





15 


16-BIT PROTECTED MODE FORMAT 

7 


,•0 
2 
4 
6 
8 
A 
C 




i 

CONTROL WORD 
• 


' ... 

STATUS WORD 
I 


• 

TAG WORD 
1 


1 

IP OFFSET 
l 


1 

CS SELECTOR 
1 


1 

OPERAND OFFSET 
1 


1 
OPERAND SELECTOR 




1 



Figure 2-5. Instruction and Data Pointer Image in Memory, 16-bit Protected-Mode Format 
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Figure 2-6. Instruction and Data Pointer Image in Memory, 32-bit Real-Mode Format 
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Figure 2-7. Instruction and Data Pointer Image in Memory, 16-bit Real-Mode Format 
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Table 2-6. CPU Interrupt Vectors Reserved for NPX 



Interrupt 
Number 


Cause of Interrupt 


7 


An ESC instruction was encountered when EM or TS of CPU control register zero (CRO) was 
set. EM = 1 indicates that software emulation of the instruction is required. When TS is set, 
either an ESC or WAIT instruction causes interrupt 7. This indicates that the current NPX 
context may not belong to the current task. 


9 


In a protected-mode system, an operand of a coprocessor instruction wrapped around an 
addressing limit (OFFFFH for expand-up segments, zero for expand-down segments) and 
spanned inaccessible addresses^. The failing numerics instruction is not restartable. The 
address of the failing numerics instruction and data operand may be lost; an FSTENV does not 
return reliable addresses. The segment overrun exception should be handled by executing an 
FNINIT instruction (i.e. an FINIT without a preceding WAIT). The exception can be avoided by 
never allowing numerics operands to cross the end of a segment. 


13 


In a protected-mode system, the first word of a numeric operand is not entirely within the limit 
of its segment. The return address pushed onto the stack of the exception handler points at the 
ESC instruction that caused the exception, including any prefixes. The NPX has not executed 
this instruction; the instruction pointer and data pointer register refer to a previous, correctly 
executed instruction. 


16 


The previous numerics instruction caused an unmasked exception. The address of the faulty 
instruction and the address of its operand are stored in the instruction pointer and data pointer 
registers. Only ESC and WAIT instructions can cause this interrupt. The CPU return address 
pushed onto the stack of the exception handler points to a WAIT or ESC instruction (including 
prefixes). This instruction can be restarted after clearing the exception condition in the NPX. 
FNINIT, FNCLEX, FNSTSW, FNSTENV, and FNSAVE cannot cause this interrupt. 



a. An operand may wrap around an addressing limit when the segment limit is near an addressing limit and the operand is 
near the largest valid address in the segment. Because of the wrap-around, the beginning and ending addresses of such an 
operand will be at opposite ends of the segment. There are two ways that such an operand may also span inaccessible 
addresses: 1) if the segment limit is not equal to the addressing limit (e.g. addressing limit is FFFFH and segment limit is 
FFFDH) the operand will span addresses that are not within the segment (e.g. an 8-byte operand that starts at valid offset 
FFFCH will span addresses FFFC- FFFFH and 0000-0003H; however addresses FFFEH and FFFFH are not valid, because 
they exceed the limit); 2) if the operand begins and ends in present and accessible segments but intermediate bytes of the 
operand fall in a not-present page or in a segment or page to which the procedure does not have access rights. 



2.4 Interrupt Description 

CPU interrupts are used to report exceptional condi- 
tions while executing numeric programs in either real 
or protected mode. Table 2-6 shows these interrupts 
and their functions. 

2.5 Exception Handling 

The NPX detects six different exception conditions 
that can occur during instruction execution. Table 2- 
7 lists the exception conditions in order of prece- 
dence, showing for each the cause and the default 
action taken by the NPX if the exception is masked 
by its corresponding mask bit in the control word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR # signal. When the CPU at- 
tempts to execute another ESC instruction or WAIT, 
exception 16 occurs. The exception condition must 
be resolved via an interrupt service routine. The re- 
turn address pushed onto the CPU stack upon entry 



to the service routine does not necessarily point to 
the failing instruction nor to the following instruction. 
The CPU saves the address of the floating-point in- 
struction that caused the exception and the address 
of any memory operand required by that instruction. 

2.6 Initialization 

After FNINIT or RESET, the control word contains 
the value 037FH (all exceptions masked, precision 
control 64 bits, rounding to nearest) the same values 
as in an 80287 after RESET. For compatibility with 
the 8087 and 80287, the bit that used to indicate 
infinity control (bit 12) is set to zero; however, re- 
gardless of its setting, infinity is treated in the affine 
sense. After FNINIT or RESET, the status word is 
initialized as follows: 

• All exceptions are set to zero. 

• Stack TOP is zero, so that after the first push the 
stack top will be register seven (1 1 1 B)„ 

• The condition code C3-G0 is undefined. 

• The B-bit is zero. 
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Table 2-7. Exceptions 



Exception 


Cause 


Default Action 
(if exception is masked) 


Invalid 
Operation 


Operation on a signalling NaN, unsupported format, 
indeterminate for (0-°°, 0/0, (+ °°) + (- °°), etc.), or 
stack overflow/underflow (SF is also set) 


Result is a quiet NaN, integer 
indefinite, or BCD indefinte 


Denormalized 
Operand 


At least one of the operands is denormalized, i.e., it has 
the smallest exponent but a nonzero significand. 


Normal processing 
continues 


Zero Divisor 


The divisor is zero while the dividend is a noninfinite, 
nonzero number 


Result is oo 


Overflow 


The result is too large in magnitude to fit in the specified 
format 


Result is largest finite 
value or °o 


Underflow 


The true result is nonzero but too small to be 
represented in the specified format, and, if underflow 
exception is masked, denormalization causes the loss of 
accuracy. 


Result is denormalized 
or zero 


Inexact 

Result 

(Precision 


The true result is not exactly representable in the 
specified format (e.g. 1 / 3 ); the result is rounded 
according to the rounding mode. 


Normal processing 
continues 



The tag word contains FFFFH (all stack locations 
are empty). 

The 386SX Microprocessor and 80387 Coprocessor 
initialization software must execute an FNINIT in- 
struction (i.e an FINIT without a preceding WAIT) af- 
ter RESET. The FNINIT is not strictly required for the 
80287 software, but Intel recommends its use to 
help ensure upward compatibility with other proces- 
sors. After a hardware RESET, the ERROR # output 
is asserted to indicate that an 80387SX is present. 
To accomplish this, the IE and ES bits of the status 
word are set, and the IM bit in the control word is 
cleared. After FNINIT, the status word and the con- 
trol word have the same values as in an 80287 after 
RESET. 



2.7 8087 and 80287 Compatibility 

This section summarizes the differences between 
the 80387SX and the 80287. Any migration from the 
8087 directly to the 80387SX must also take into 
account the differences between the 8087 and the 
80287 as listed in Appendix A. 

Many changes have been designed into the 
80387SX to directly support the IEEE standard in 
hardware. These changes result in increased per- 
formance by eliminating the need for software that 
supports the standard. 



2.7.1 GENERAL DIFFERENCES 

The 80387SX supports only affine closure for infinity 
arithmetic, not projective closure. 

Operands for FSCALE and FPATAN are no longer 
restricted in range (except for + °°); F2XM1 and 
FPTAN accept a wider range of operands. 

Rounding control is in effect for FLD constant. 

Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg- 
ister contents. 

After reset, FINIT, and incomplete FPREM, the 
80387SX resets to zero the condition code bits C3- 
Co of the status word. 

In conformance with the IEEE standard, the 
80387SX does not support the special data formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un- 
normal. 

The denormal exception has a different purpose on 
the 80387SX. A system that uses the denormal-ex- 
ception handler solely to normalize the denormal op- 
erands, would better mask the denormal exception 
on the 80387SX. The 80387SX automatically nor- 
malizes denormal operands when the denormal ex- 
ception is masked. 
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2.7.2 EXCEPTIONS 

A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80387SX: 

1 . When the overflow or underflow exception is 
masked, the 80387SX differs from the 80287 in 
rounding when overflow or underflow occurs. 
The 80387SX produces results that are consist- 
ent with the rounding mode. 

2. When the underflow exception is masked, the 
80387SX sets its underflow flag only if there is 
also a loss of accuracy during denormalization. 

3. Fewer invalid-operation exceptions due to de- 
normal operands, because the instructions 
FSQRT, FDIV, FPREM, and conversions to BCD 
or to integer normalize denormal operands be- 
fore proceeding. 

4. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de- 
normal operands. 

5. The denormal exception can occur during the 
transcendental instructions and the FXTRACT 
instruction. 

6. The denormal exception no longer takes prece- 
dence over all other exceptions. 

7. When the denormal exception is masked, the 
80387SX automatically normalizes denormal op- 
erands. The 8087/80287 performs unnormal 
arithmetic, which might produce an unnormal re- 
sult. 

8. When the operand is zero, the FXTRACT in- 
struction reports a zero-divide exception and 
leaves -<*> in ST(1). 

9. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

10. FLD extended precision no longer reports denor- 
mal exceptions, because the instruction is not 
numeric. 

1 1 . FLD single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized operand 
exception. When loading a signalling NaN, FLD 
single/double precision signals an invalid-oper- 
and exception. 

12. The 80387SX only generates quiet NaNs (as on 
the 80287); however, the 80387SX distinguishes 
between quiet NaNs and signaling NaNs. Signal- 
ing NaNs trigger exceptions when they are used 
as operands; quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 

13. When stack overflow occurs during FPTAN and 
overflow is masked, both ST(0) and ST(1) con- 



tain quiet NaNs. The 80287/8087 leaves the 
original operand in ST(1) intact. 

1 4. When the scaling factor is ± °° , the FSCALE 
(ST(0), ST(1)) instruction behaves as follows 
(ST(0) and ST(1) contain the scaled and scaling 
operands respectively): 

• FSCALE(0,oo) generates the invalid operation 
exception. 

• FSCALE(finite, -°°) generates zero with the 
same sign as the scaled operand. 

• FSCALE(finite, + <*>) generates «> with the 
same sign as the scaled operand. 

The 8087/80287 returns zero in the first case 
and raises the invalid-operation exception in the 
other cases. 

1 5. The 80387SX returns signed infinity/zero as the 
unmasked response to massive overflow/under- 
flow. The 8087 and 80287 support a limited 
range for the scaling factor; within this range ei- 
ther massive overflow/ underflow do not occur or 
undefined results are produced. 

3.0 HARDWARE INTERFACE 

In the following description of hardware interface, 
the # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 



3.1 Signal Description 

In the following signal descriptions, the 80387SX 
pins are grouped by function as shown by Table 3-1. 
Table 3-1 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char- 
acteristics (Refer to Figure 5-1 and Table 5-1 for pin 
configuration). 
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Figure 3.1. Asynchronous Operation 
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Table 3-1. Pin Summary 


Pin 
Name 


Function 


Active 
State 


Input/ 
Output 


Referenced 
To... 


Execution Control 


CPUCLK2 
NUMCLK2 
CKM 
RESETIN 


386SXTM Microprocessor CLocK 2 
80387SX CLocK 2 
80387SX ClocKing Mode 
System reset 


High 


I 
I 
I 
I 


CPUCLK2 


NPX Handshake 


PEREQ 
BUSY* 
ERROR # 


Processor Extension REQuest 
Busy status 
Error status 


High 
Low 
Low 







STEN/CPUCLK2 
STEN/CPUCLK2 
STEN/NUMCLK2 


Bus Interface 


D15-D0 
W/R# 
ADS# 
READY # 
READYO# 


Data pins 

Write/ Read bus cycle 
ADdress Strobe 
Bus ready input 
Ready output 


High 

Hi/Lo 

Low 

Low 

Low 


I/O 

I 
I 

I 




CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 
STEN/CPUCLK2 


Chip/Port Select 


STEN 
NPS1# 
NPS2 
CMD0# 


STatus ENable 
NPX select #1 
NPX select #2 
CoMmanD 


High 
Low 
High 
Low 


I 
I 
I 
I 


CPUCLK2 
CPUCLK2 
CPUCLK2 
CPUCLK2 


Power and Ground 


Vcc 

v ss 


System power 
System ground 









All output signals are tristate; they leave floating 
state only when STEN is active. The output buffers 
of the bidirectional data pins D15-D0 are also tri- 
state; they leave floating state only during cycles 
when the NPX is selected (i.e. when STEN, NPS1 #, 
and NPS2 are all active). 

3.1.1 386SXTM CPU CLOCK 2 (CPUCLK2) 

This input uses the CLK2 signal of the CPU to time 
the bus control logic. Several other NPX signals are 
referenced to the rising edge of this signal. When 
CKM = 1 (synchronous mode) this pin also clocks 
the data interface and control unit and the floating- 
point unit of the NPX. This pin requires MOS-level 
input. The signal on this pin is divided by two to pro- 
duce the internal clock signal CLK. 

3.1.2 80387SX CLOCK 2 (NUMCLK2) 

When CKM = (asynchronous mode) this pin pro- 
vides the clock for the data interface and control unit 
and the floating-point unit of the NPX. In this case, 
the ratio of the frequency of NUMCLK2 to the fre- 
quency of CPUCLK2 must lie within the range 10:16 
to 14:10. When CKM = 1 (synchronous mode) sig- 
nals on this pin are ignored; CPUCLK2 is used in- 
stead for the data interface and control unit and the 
floating-point unit. This pin requires MOS-level input. 



3.1.3 CLOCKING MODE (CKM) 

This pin is a strapping option. When it is strapped to 
Vcc (HIGH), the NPX operates in synchronous 
mode; when strapped to Vss (LOW), the NPX oper- 
ates in asynchronous mode. These modes reiate to 
clocking of the data interface and control unit and 
the floating-point unit only; the bus control logic al- 
ways operates synchronously with respect to the 
CPU. 



3.1.4 SYSTEM RESET (RESETIN) 

A LOW to HIGH transition on this pin causes the 
NPX to terminate its present activity and to enter a 
dormant state. RESETIN must remain active (HIGH) 
for at least 40 NUMCLK2 periods. 

The HIGH to LOW transitions of RESETIN must be 
synchronous with CPUCLK2, so that the phase of 
the internal clock of the bus control logic (which is 
the CPUCLK2 divided by two) is the same as the 
phase of the internal clock of the CPU. After RESE- 
TIN goes LOW, at least 50 NUMCLK2 periods must 
pass before the first NPX instruction is written into 
the NPX. This pin should be connected to the CPU 
RESET pin. Table 3-1 shows the status of the output 
pins during the reset sequence. After a reset, ail out- 
put pins return to their inactive states. 
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Table 3-2. Output Pin Status during Reset 



Pin Value 


Pin Name 


HIGH 
LOW 
Tri-State OFF 


READYO#, BUSY# 
PEREQ, ERROR # 
D15-D0 



3.1.10 ADDRESS STROBE (ADS#) 

This input, in conjunction with the READY # input, 
indicates when the NPX bus-control logic may sam- 
ple W/R# and the chip-select signals. Setup and 
hold times are referenced to CPUCLK2. This pin 
should be connected to the ADS# pin of the CPU. 



3.1.5 PROCESSOR EXTENSION REQUEST 
(PEREQ) 

When active, this pin signals to the CPU that the 
NPX is ready for data transfer to/from its data FIFO. 
When all data is written to or read from the data 
FIFO, PEREQ is deactivated. This signal always 
goes inactive before BUSY# goes inactive. This sig- 
nal is referenced to CPUCLK2. It should be connect- 
ed to the CPU PEREQ input. 

3.1.6 BUSY STATUS (BUSY#) 

When active, this pin signals to the CPU that the 
NPX is currently executing an instruction. This signal 
is referenced to CPUCLK2. It should be connected 
to the CPU BUSY # pin. 

3.1.7 ERROR STATUS (ERROR#) 

This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred. This signal can be changed to 
inactive state only by the following instructions (with- 
out a preceding WAIT): FNINIT, FNCLEX, 
FNSTENV, FNSAVE, FLDCW, FLDENV, and 
FRSTOR. This pin is referenced to CPUCLK2. It 
should be connected to the ERROR # pin of the 
CPU. 

3.1.8 DATA PINS (D15-D0) 

These bidirectional pins are used to transfer data 
and opcodes between the CPU and NPX. They are 
normally connected directly to the corresponding 
CPU data pins. HIGH state indicates a value of one. 
DO is the least significant data bit. Timings are refer- 
enced to CPUCLK2. 



3.1.9 WRITE/READ BUS CYCLE (W/R#) 

This signal indicates to the NPX whether the CPU 
bus cycle in progress is a read or a write cycle. This 
pin should be connected directly to the CPU's 
W/R# pin. HIGH indicates a write cycle; LOW a 
read cycle. This input is ignored if any of the signals 
STEN, NPS1 #, or NPS2 is inactive. Setup and hold 
times are referenced to CPUCLK2. 



3.1.11 BUS READY INPUT (READY#) 

This input indicates to the NPX when a CPU bus 
cycle is to be terminated. It is used by the bus-con- 
trol logic to trace bus activities. Bus cycles can be 
extended indefinitely until terminated by READY #. 
This input should be connected to the same signal 
that drives the CPU's READY # input. Setup and 
hold times are referenced to CPUCLK2. 



3.1.12 READY OUTPUT (READYO#) 

This pin is activated at such a time that write cycles 
are terminated after two clocks and read cycles after 
three clocks. In configurations where no extra wait 
states are required, this pin must directly or indirectly 
drive the READY # input of the CPU. Refer to the 
section entitled "Bus Operation" for details. This pin 
is activated only during bus cycles that select the 
NPX. This signal is referenced to CPUCLK2. 



3.1.13 STATUS ENABLE (STEN) 

This pin serves as a chip select for the NPX. When 
inactive, this pin forces, BUSY#, PEREQ#, ER- 
ROR #, and READYO# outputs into floating state. 
D15-D0 are normally floating; they leave floating 
state only if STEN is active and additional conditions 
are met. STEN also causes the chip to recognize its 
other chip-select inputs. STEN makes it easier to do 
on-board testing (using the overdrive method) of 
other chips in systems containing the NPX. STEN 
should be pulled up with a resistor so that it can be 
pulled down when testing. In boards that do not use 
on-board testing. STEN should be connected to 
Vcc- Setup and hold times are relative to CPUCLK2. 
Note that STEN must maintain the same setup and 
hold times as NPS1#, NPS2, and CMD0# (i.e. if 
STEN changes state during an NPX bus cycle, it 
must change state during the same CLK period as 
the NPS1 #, NPS2, and CMD0# signals). 

3.1.14 NPX SELECT 1 (NPS1#) 

When active (along with STEN and NPS2) in the first 
period of a CPU bus cycle, this signal indicates that 
the purpose of the bus cycle is to communicate with 
the NPX. This pin should be connected directly to 
the M/IO# pin of the CPU, so that the NPX is select- 
ed only when the CPU performs I/O cycles. Setup 
and hold times are referenced to CPUCLK2. 
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3.1.15 NPX SELECT 2 (NPS2) 

When active (along with STEN and NPS1#) in the 
first period of a CPU bus cycle, this signal indicates 
that the purpose of the bus cycle is to communicate 
with the NPX. This pin should be connected directly 
to the A23 pin of the CPU, so that the NPX is select- 
ed only when the CPU issues one of the I/O ad- 
dresses reserved for the NPX (8000F8H, 8000FCH 
or 8000FEH which is treated as 8000FCH by the 
80387SX). Setup and hold times are referenced to 
CPUCLK2. 



3.1.17 SYSTEM POWER (V CC ) 

System power provides the + 5V DC supply input. 
All Vcc Pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vcc and Vss- 



3.1.18 SYSTEM GROUND (V S s) 

All Vss Pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vcc and Vss- 



3.1.16 COMMAND (CMD0#) 

During a write cycle, this signal indicates whether an 
opcode (CMD0# active) or data (CMD0# inactive) 
is being sent to the NPX. During a read cycle, it indi- 
cates whether the control or status register (CMD0# 
active) or a data register (CMD0# inactive) is being 
read. CMD0# should be connected directly to the 
A2 output of the CPU. Setup and hold times are ref- 
erenced to CPUCLK2. 



3.2 System Configuration 

The 80387SX is designed to interface with the 
386SX Microprocessor as shown by Figure 3-1. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the CPU and NPX. The 80387SX is designed 
so that no additional components are required for 
interface with the CPU. Most control pins of the NPX 
are connected directly to pins of the CPU. 
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Figure 3-1. 386SXTM CPU and 80387SX Coprocessor System Configuration 
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The interface between the 80387SX and the CPU 
has these characteristics: 

• The NPX shares the local bus of the 386SX Mi- 
croprocessor. 

• The CPU and NPX share the same reset signals. 
They may also share the same clock input; how- 
ever, for greatest performance, an external oscil- 
lator may be needed. 

• The corresponding BUSY#, ERROR #, and PER- 
EQ pins are connected together. 

• The NPX NPS1 # and NPS2 inputs are connect- 
ed to the latched CPU M/IO# and A23 outputs 
respectively. For coprocessor cycles, M/IO# is 
always LOW and A23 always HIGH. 

• The NPX input CM DO is connected to the latched 
A2 output. The 386SX Microprocessor generates 
address 8000F8H when writing a command and 
address 8000FCH or 8000FEH (treated as 
8000FCH by the 80387SX) when writing or read- 
ing data. It does not generate any other address- 
es during NPX bus cycles. 



3.3 Processor Architecture 

As shown by the block diagram on the front page, 
the 80387SX NPX is internally divided into three sec- 
tions: the bus control logic (BCL), the data interface 
and control unit, and the floating point unit (FPU). 
The FPU (with the support of the control unit which 
contains the sequencer and other support units) ex- 
ecutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re- 
ceiving the instructions, decoding them, and se- 
quencing the microinstructions, and for handling 
some of the administrative instructions. The BCL is 
responsible for CPU bus tracking and interface. The 
BCL is the only unit in the NPX that must run syn- 
chronously with the CPU; the rest of the NPX can 
run asynchronously with respect to the CPU. 



3.3.1 BUS CONTROL LOGIC 

The BCL communicates solely with the CPU using 
I/O bus cycles. The BCL appears to the CPU as a 
special peripheral device. It is special in two re- 



spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served I/O addresses to communicate with the BCL. 
The BCL does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the NPX and 
transferring outputs from the NPX to memory. 

3.3.2 DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCL control, directs the data to the 
FIFO or the instruction decoder. The instruction de- 
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se- 
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FCLEX, FSTSW, 
FSTSW AX, FSTCW, FSETPM, or FRSTPM, the 
control executes it independently of the FPU and the 
sequencer. The data interface and control unit is the 
one that generates the BUSY#, PEREQ, and ER- 
ROR # signals that synchronize NPX activities with 
the CPU. 

3.3.3 FLOATING-POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen- 
dental, constant, and data transfer instructions. The 
data path in the FPU is 84 bits wide (68 significant 
bits, 1 5 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high i 



3.4 Bus Cycles 

The pins STEN, NPS1 #, NPS2, CMDO, and W/R# 
identify bus cycles for the NPX. Table 3-3 defines 
the types of NPX bus cycles. 



3.4.1 80387SX ADDRESSING 

The NPS1#, NPS2, and CMDO signals allow the 
NPX to identify which bus cycles are intended for the 
NPX. The NPX responds to I/O cycles when the I/O 
address is 8000F8H, 8000FCH or 8000FEH (treated 



Table 3-3. Bus Cycle Definition 



STEN 


NPS1# 


NPS2 


CMD0# 


W/R# 


Bus Cycle Type 





X 


X 


X 


X 


80387SX not selected and all outputs in floating state 




1 


X 


X 


X 


80387SX not selected 




X 





X 


X 


80387SX not selected 







1 








CW or SW read from 80387SX 







1 





1 


Opcode write to 80387SX 







1 


1 





Data read from 80387SX 







1 


1 


1 


Data write to 80387SX 
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as 8000FCH by the 80387SX). The NPX responds to 
I/O cycles when bit 23 of the I/O address is set. In 
other words, the NPX acts as an I/O device In a 
reserved I/O address space. 

Because A23 is used to select the 80387SX Numeri- 
cs Processor Extension for data transfers, it is not 
possible for a program running on the CPU to ad- 
dress the NPX with an I/O instruction. Only ESC in- 
structions cause the CPU to communicate with the 
NPX. 



3.4.2 CPU/NPX SYNCHRONIZATION 

The pins BUSY#, PEREQ, and ERROR# are used 
for various aspects of synchronization between the 
CPU and the NPX. 

BUSY# is used to synchronize instruction transfer 
from the CPU to the NPX. When the NPX recognizes 
an ESC instruction, it asserts BUSY#. For most ESC 
instructions, the CPU waits for the NPX to deassert 
BUSY# before sending the new opcode. 

The NPX uses the PEREQ pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem- 
ory; rather, the CPU provides memory access serv- 
ices for the NPX. (For this reason, memory access 
on behalf of the NPX always obeys the protection 
rules applicable to the current CPU mode.) Once the 
CPU initiates an NPX instruction that has operands, 
the CPU waits for PEREQ signals that indicate when 
the NPX is ready for operand transfer. Once all oper- 
ands have been transferred (or if the instruction has 
no operands) the CPU continues program execution 
while the NPX executes the ESC instruction. 

In 8086/8087 systems, WAIT instructions may be 
required to achieve synchronization of both com- 
mands and operands. In the 386SX Microprocessor 
and 80387 Coprocessor systems, however, WAIT in- 
structions are required only for operand synchroni- 
zation; namely, after NPX stores to memory (except 
FSTSW and FSTCW) or load from memory. (In 
80286/80287 systems, WAIT is required before 
FLDENV and FRSTOR; with the 386SX Microproc- 
essor and 80387 Coprocessor, WAIT is not required 
in these cases.) Used this way, WAIT ensures that 
the value has already been written or read by the 
NPX before the CPU reads or changes the value. 

Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
NPX can process the instruction in parallel with and 
independent of the host CPU. When the NPX de- 
tects an exception, it asserts the ERROR # signal, 
which causes a CPU interrupt. 



3.4.3 SYNCHRONOUS OR ASYNCHRONOUS 
MODES 

The internal logic of the 80387SX (the FPU) can op- 
erate either directly from the CPU clock (synchro- 
nous mode) or from a separate clock (asynchronous 
mode). The two configurations are distinguished by 
the CKM pin. In either case, the bus control logic 
(BCL) of the 80387SX is synchronized with the CPU 
clock. Use of asynchronous mode allows the CPU 
and the FPU section of the NPX to run at different 
speeds. In this case, the ratio of the frequency of 
NUMCLK2 to the frequency of CPUCLK2 must lie 
within the range 10:16 to 14:10. Use of synchronous 
mode eliminates one clock generator from the board 
design. 

3.4.4 AUTOMATIC BUS CYCLE TERMINATION 

In configurations where no extra wait states are re- 
quired, READYO# can drive the CPU's READY# 
input. If this pin is used, it should be connected to 
the logic that ORs all READY outputs from peripher- 
als on the CPU bus. READYO# is asserted by the 
NPX only during I/O cycles that select the NPX. Re- 
fer to Section 4.0 "Bus Operation" for details. 



4.0 BUS OPERATION 

With respect to bus interface, the 80387SX is fully 
synchronous with the CPU. Both operate at the 
same rate, because each generates its internal CLK 
signal by dividing CPUCLK2 by two. Furthermore, 
both internal CLK signals are in phase, because they 
are synchronized by the same RESETIN signal. 

A bus cycle for the NPX starts when the CPU acti- 
vates ADS# and drives new values on the address 
and cycle-definition lines. The NPX examines the ad- 
dress and cycle-definition lines in the same CLK pe- 
riod during which ADS# is activated. This CLK peri- 
od is considered the first CLK of the bus cycle. 
During this first CLK period, the 80387SX also exam- 
ines the R/W# input signal to determine whether 
the cycle is a read or a write cycle and examines the 
CMD0 input to determine whether an opcode, oper- 
and, or control/status register transfer is to occur. 

The 80387SX supports both pipelined (i.e. over- 
lapped) and nonpipelined bus cycles. A nonpipelined 
cycle is one for which the CPU asserts ADS # when 
no other NPX bus cycle is in progress. A pipelined 
bus cycle is one for which the CPU asserts ADS# 
and provides valid next-address and control signals 
before the prior NPX cycle terminates. The CPU may 
do this as early as the second CLK period after as- 
serting ADS# for the prior cycle. Pipelining increas- 
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es the availability of the bus by at least one CLK 
period. The 80387SX supports pipelined bus cycles 
in order to optimize address pipelining by the CPU 
for memory cycles. 

Bus operation is described in terms of an abstract 
state machine. Figure 4-1 illustrates the states and 
state transitions for NPX bus cycles: 

• T| is the idle state. This is the state of the bus 
logic after RESET, the state to which bus logic 
returns after every nonpipelined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 

• Trs is the READY # -sensitive state. Different 
types of bus cycles may require a minimum of 
one or two successive Trs states. The bus logic 
remains in Trs state until READY # is sensed, at 
which point the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY #, thereby causing additional successive 
Trs states. 

• Tp is the first state for every pipelined bus cycle. 
This state is not used by nonpipelined cycles. 

Note that the bus logic tracks bus state regardless 
of the values on the chip/port select pins. 

The READYO# output of the NPX indicates when 
an NPX bus cycle may be terminated if no extra wait 
states are required. For all write cycles (except 
those for the instructions FLDENV and FRSTOR), 
READYO# is always asserted during the first Trs 
state, regardless of the number of wait states. For all 
read cycles and write cycles for FLDENV and 
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Figure 4-1. Bus State Diagram 



FRSTOR, READYO# is always asserted in the sec- 
ond Trs state, regardless of the number of wait 
states. These rules apply to both pipelined and non- 
pipelined cycles. Systems designers may use 
READYO# in one of the following ways: 

1 . Connect it (directly or through logic that ORs 
READY # signals from other devices) to the 
READY# inputs of the CPU and NPX. 

2. Use it as one input to a wait-state generator. 

The following sections illustrate different types of 
80387SX bus cycles. Because different instructions 
have different amounts of overhead before, be- 
tween, and after operand transfer cycles, it is not 
possible to represent in a few diagrams all of the 
combinations of successive operand transfer cycles. 
The following bus-cycle diagrams show memory cy- 
cles between NPX operand-transfer cycles. Note 
however that, during FRSTOR, some consecutive 
accesses to the NPX do not have intervening memo- 
ry accesses. For the timing relationship between op- 
erand transfer cycles and opcode write or other 
overhead activities, see the figure "Other Parame- 
ters" in section 6. 



4.1 Nonpipelined Bus Cycles 

Figure 4-2 illustrates bus activity for consecutive 
nonpipelined bus cycles. 

At the second clock of the bus cycle, the NPX enters 
the Trs state. During this state, it samples the 
READY # input and stays in this state as long as 
READY # is inactive. 



4.1.1 WRITE CYCLE 

In write cycles, the NPX drives the READYO# signal 
for one CLK period during the second CLK period of 
the cycle (i.e. the first Trs state); therefore, the fast- 
est write cycle takes two CLK periods (see cycle 2 of 
Figure 4-2). For the instructions FLDENV and 
FRSTOR, however, the 80387SX forces a wait state 
by delaying the activation of READYO# to the sec- 
ond Trs state (not shown in Figure 4-2). 

The NPX samples the D1 5- DO inputs into data 
latches at the falling edge of CLK as long as it stays 
in Trs state. 

When READY # is asserted, the NPX returns to the 
idle state. Simultaneously with the NPX's entering 
the idle state, the CPU may assert ADS# again, sig- 
naling the beginning of yet another cycle. 
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Cycles 1 & 2 represent part of the operand transfer cycle for instructions involving either 4-byte or 8-byte operand loads. 

Cycles 3 & 4 represent part of the operand transfer cycle for a store operation. 

*Cycles 1 & 2 could repeat here or T| states for various non-operand transfer cycles and overhead. 



Figure 4-2. Nonpfpefined Read and Write Cycles 



4.1.2 READ CYCLE 



At the rising edge of CLK in the second CLK period 
of the cycle (i.e. the first Trs state), the NPX starts 
to drive the D15-D0 outputs and continues to drive 
them as long as it stays in Trs state. 

At least one wait state must be inserted to ensure 
that the CPU latches the correct data. Because the 
NPX starts driving the data bus only at the rising 
edge of CLK in the second clock period of the bus 
cycle, not enough time is left for the data signals to 
propagate and be latched by the CPU before the 
next falling edge of CLK. Therefore, the 80387SX 
does not drive the READYO# signal until the third 
CLK period of the cycle. Thus, if the READYO# out- 
put drives the CPU's READY# input, one wait state 
is automatically inserted. 

Because one wait state is required for NPX reads, 
the minimum length of an NPX read cycle is three 
CLK periods, as cycle 3 of Figure 4-2 shows. 



When READY # is asserted, the NPX returns to the 
idle state. Simultaneously with the NPX's entering 
the idle state, the CPU may assert ADS# again, sig- 
naling the beginning of yet another cycle. The tran- 
sition from Trs state to idle state causes the NPX to 
puf the tristate D15-D0 outputs into the floating 
state, allowing another device to drive the data bus. 



4.2 Pipelined Bus Cycles 

Because all the activities of the 80387SX bus inter- 
face occur either during the Trs state or during the 
transitions to or from that state, the only difference 
between a pipelined and a nonpipelined cycle is the 
manner of changing from one state to another. The 
exact activities during each state are detailed in the 
previous section ' 'Nonpipelined Bus Cycles' ' . 

When the CPU asserts ADS# before the end of a 
bus cycle, both ADS# and READY # are active dur- 
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Cycle 1 -Cycle 4 represent the operand transfer cycle for an instruction involving a transfer of two 32-bit loads in total. 
The opcode write cycles and other overhead are not shown. 

Note that the next cycle will be a pipelined cycle if both READY # and ADS# are sampled active at the end of a Trs 
state of the current cycle. 



Figure 4-3. Fastest Transitions to and from Pipelined Cycles 



ing a Trs state. This condition causes the NPX to 
change to a different state named Tp. One clock 
period after a Tp state, the NPX always returns to 
Trs state. In consecutive pipelined cycles, the NPX 
bus logic uses only the Trs and Tp states. 

Figure 4-3 shows the fastest transitions into and out 
of the pipelined bus cycles. Cycle 1 in the figure rep- 
resents a nonpipelined cycle. (Nonpipelined write, 
cycles with only one Trs state (i.e. no wait states) 
are always followed by another nonpipelined cycle, 
because READY# is asserted before the earliest 
possible assertion of ADS# for the next cycle.) 



Figure 4-4 shows pipelined write and read cycles 
with one additional Trs state beyond the minimum 
required. To delay the assertion of READY # re- 
quires external logic. 



4.3 Bus Cycles of Mixed Type 

When the NPX bus logic is in the Trs state, it distin- 
guishes between nonpipelined and pipelined cycles 
according to the behavior of ADS# and READY #. 
In a nonpipelined cycle, only READY # is activated, 
and the transition is from Trs state to idle state. In a 
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Figure 4-4. Pipelined Cycles with Wait States 



pipelined cycle, both READY# and ADS # are ac- 
tive, and the transition is first from Trs state to Tp 
state, then, after one clock period, back to Trs 
state. 



4.4 BUSY# and PEREQ Timing 
Relationship 

Figure 4-5 shows the activation of BUSY# at the^ 
beginning of instruction execution and its deactiva- 



tion upon completion of the instruction. PEREQ is 
activated within this interval. If ERROR # (not shown 
in the figure) is ever asserted, it would be asserted at 
least six CPUCLK2 periods after the deactivation of 
PEREQ and would be deasserted at least six 
CPUCLK2 periods before the deactivation of 
BUSY#. Figure 4-5 also shows that STEN is activat- 
ed at the beginning of an NPX bus cycle. 
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NOTES: 

1 . Instruction dependent. 

2. PEREQ is an asynchronous input to the 386tm Microprocessor; it may not be asserted (instruction dependent). 

3. More operand transfers. 

4. Memory read (operand) cycle is not shown. 



Figure 4-5. STEN, BUSY#, and PEREQ Timing Relationships 
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5.0 MECHANICAL DATA 

Figure 5-1 shows the locations of pins on the chip package. Table 5-1 helps to locate pin identifiers in 
Figure 5-1. 







17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 


1 








\ 




18 






68 






19 






67 






20 






66 






21 






65 






22 






64 






23 






63 






24 
25 


80387SX 




62 
61 






26 


top view 




60 






27 






59 






28 






58 






29 






57 






30 






56 






31 






55 






32 






54 






33 






53 






34 






52 


240225-11 


35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 


51 




The term "top view' 


means 


"as viewed when mounted in a printed-circuit board". 







Figure 5-1. PLCC Pin Configuration 





Table 5-1. 


Pin Cross-Ref erence 




1 — - n.c. 


18 — n.c. 


35 — ERROR # 


52 — n.c. 


2 — D07 


19 — D00 


36 — BUSY# 


53 — NUMCLK2 


3 — D06 


20 — D01 


37-Vcc 


54 — CPUCLK2 


4 — V C c 


21-Vss 


38 — V S s 


55 — V SS 


5-Vss 


22-Vcc 


39-Vcc 


56 — PEREQ 


6 — D05 


23 — D02 


40 — STEN 


57 — READYO# 


7 — D04 


24 ,— D08 


41— W/R# 


58-Vcc 


8 — D03 


25-Vss 


42 — V S s 


59 — CKM 


9-Vcc 


26-Vcc 


43 — V C C 


60 — V SS 


10— -n.c. 


27 — V SS 


44 — NPS1# 


61— V SS 


11— D15 


28 — D09 


45 — NPS2 


62 — V C c 


12 — D14 


29 — D10 


46-Vcc 


63-Vss 


13-Vcc 


30 — D11 


47 — ADS# 


64 — V C c 


14 — V SS 


31-Vcc 


48 — CMD0# 


65 — n.c. 


15 — D13 


32-Vss 


49 — READY # 


66 — V SS 


16 — D12 


33 — V CC 


50 — V CC 


67 — n.c. 


17 — n.c. 


34 — V SS 


51 — RESETIN 


68 — n.c. 



n.c. — The corresponding pins of the 80387SX are left unconnected. 
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6.0 ELECTRICAL DATA 



6.1 Absolute Maximum Ratings 

NOTE: 

Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 



operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliabili- 
ty. 

Case temperature Tc under bias 0°C to 85°C 

Storage temperature -65°C to + 150°C 

Voltage on any pin with respect to ground -0.5 to 

V C c+0.5V 

Power dissipation 1 .5 Watt 



6.2 D.C. Characteristics 





Table 6-1. D.C. Specifications T c = 0° to 85°C, V C c 


= 5V ± 10%' 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input LO Voltage 


-0.3 


+ 0.8 


V 


See note 1 


V|H 


Input HI Voltage 


2.0 


Vcc + 0.3 


V 


See note 1 


VCL 


CPUCLK2 and NUMCLK2 
Input LO Voltage 


-0.3 


+ 0.8 


V 




VCH 


CPUCLK2 and NUMCLK2 
Input HI Voltage 


Vcc-0.8 


Vcc + 0.3 


V 




Vol 


Output LO Voltage 




0.45 


V 


See note 2 


V H 


Output HI Voltage 


2.4 




V 


See note 3 


VOH 


Output HI Voltage 


Vcc-0.8 




V 


See note 4 


•cc 


Power Supply Current 












NUMCLK = 32 MHz(5) 




250 


mA 


•cc tyP- = 1 50 mA 


lu 


Input Leakage Current 




±15 


julA 


ov <; v IN <; v cc 


Ilo 


I/O Leakage Current 




±15 


julA 


0.45V <; V £ Vcc 


C|N 


Input Capacitance 




10 


PF 


fc= 1MHz 


Co 


I/O or Output Capacitance 




12 


PF 


fc= 1MHz 


CdK 


Clock Capacitance 




20 


PF 


fc= 1MHz 



NOTES: 

1 . This parameter is for all inputs, excluding the clock inputs. 

2. This parameter Is measured at Iol as follows: 
data = 4.0mA 

READY0#, ERROR#, BUSY#, PEREQ = 2.5mA 

3. This parameter is measured at Ioh as follows: 
data = 1.0mA 

READY0#, ERROR #, BUSY#, PEREQ = 0.6mA 

4. This parameter is measured at Ioh as follows: 
data = 0.2mA 

READY0#, ERROR#, BUSY#, PEREQ = 0.12mA 

5. Ice is measured at steady state, maximum capacitive loading on the outputs, and worst-case D.C. level at the inputs; 
CPUCLK2 at the same frequency as NUMCLK2. 

6.3 A.C. Characteristics 

Table 6-2a. Combinations of Bus Interface and Execution Speeds 



Functional Block 


80387SX-16 


Bus Interface Unit (MHz) 
Execution Unit (MHz) 


16 
16 
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Table 6-2b. Timing Requirements of Execution Unit T c = 0° to 85° G, V C c = SV ± 1 0%, 



Pin 


Symbol 


Parameter 


16 MHz 


Test 
Conditions 


Refer to 
Figure 


Min (ns) 


Max (ns) 


NUMCLK2 


T1 


Period 


31.25 


125 


2.0V 


6.2 


NUMCLK2 


t2b 


High Time 


5 




Vcc-0.8V 




NUMCLK2 


t3b 


Low Time 


7 




0.8V 




NUMCLK2 


14 


Fall Time 




8 


From Vcc-0.8 to 0.8V 


(Notel) 


NUMCLK2 


t5 


Rise Time 




8 


From 0:8 to Vcc~ 0.8V 





Note: 

1. If not used (CKM = 1), tie LOW. 



Table 6-2c. Timing Requirements of Bus Interface Unit T c = 0° to 85° C, V<x = 5V ± 10% 




NOTES: 

* Float condition occurs when maximum output current becomes less the l[_o |n magnitude. Float delay is not test. 
**Not tested at 25 pf. 
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NOTES: 

Graphs are not linear outside the Cl range shown, 
nom = nominal value given in the AC timing table 
•Typical part under worst-case conditions 



Figure 6- 1a. Typical Output Valid Delay vs. Load Capacitance at Max Operating Temperature 
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Figure 6-1b. Typical Output Slew Time vs. Load Capacitance at Max Operating Temperature 
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NOTES: 


Graphs are not linear outside the frequency range shown. 
"Typical part under worst-case conditions. 



Figure 6-1c. Typical ice vs. Load Capacitance at Max Operating Temperature 
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Figure 6-2. CPUCLK2/NUMCLK2 Waveform and Measurement Points for Input/Output 
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Figure 6-3. Output Signals 
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Figure 6-4. Input and I/O Signals 
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Figure 6-5. RESET Signal 
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Figure 6-6. Float from STEN 
Table 6-3. Other Parameters 



Pin 


Symbol 


Parameter 


Min 


Max 


Units 


RESETIN 


t30 


Duration 


40 




NUMCLK2 


RESETIN 


t31 


RESETIN inactive to 1st opcode write 


50 




NUMCLK2 


BUSY# 


t32 


Duration 


6 




CPUCLK2 


BUSY#,ERROR# 


t33 


ERROR# (inactive to BUSY # inactive 


6 




CPUCLK2 


PEREQ, ERROR # 


t34 


PEREQ inactive to ERROR # active 


6 




CPUCLK2 


READY#,BUSY# 


t35 


READY # active to BUSY# active 


4 


4 


CPUCLK2 


READY# 


t36 


Minimum time from opcode write to 
opcode/operand write 


4 




CPUCLK2 


READY# 


t37 


Minimum time from operand write to 
operand write 


4 




CPUCLK2 
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1 st OPCODE . 1 st OPERAND 2 ND OPERAND 






WRITE 


NUIt 1 


WRITE 


WRITE (NOTE 1) 




CPUCLK2 


Ul 


IN 


"UU 


1JU 


"Ul 


uimui 


111 


"UU 
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(CLK) 

h~ t3 

RESET 

r 




m \ 


• 


V* 


\J- 


\J\Af 


V/~ 




4 tlJ » 




-h — 


J1 * 


— ss— 






*3b 

-59-55- 




—59— 




-*9— 


"• \54 * 

-*5— 


* \53 * 

-55— 


ADS# 
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.ju-ju. 
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—55— 


—55 — 


READY# 
BUSY# 




ff 






Ir 




-JW*- 




—55— 


7 
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V" 










\_ 


PEREQ 




-55 — 




—59- 






/ 




—55— 




a 


—45— 


—55— 


ERROR# 




-*5 — 




— 55- 


*_ 




-59-55- 




-45— 


♦„ 


-JS — 


"A 


-45— 


* In NUMC 


\5D "- *OZ - 

I 

240225-20 
XK2'S 


** or last operand 


NOTE: 

1 . Memory read (operand) cycle is not shown. 



Figure 6-7. Other Parameters 



7.0 



80387SX EXTENSIONS TO THE 
CPU'S INSTRUCTION SET 



Instructions for the 80387SX assume one of the five 
forms shown in Table 7-1 . In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011B, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper- 
ands specify addresses using the CPU's addressing 
modes. 

MOD (Mode field) and R/M (Register/ Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of CPU instructions (refer to Pro- 
grammer's Reference Manual for the CPU). SIB 



(Scale Index Base) byte and DISP (displacement) 
are optionally present in instructions that have MOD 
and R/M fields. Their presence depends on the val- 
ues of MOD and R/M, as for instructions of the CPU. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quests delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. If the instruction has MOD and R/M fields 
that call for both base and index registers, add one 
clock. 
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Table 7-1. Instruction Formats 



Instruction 


Optional 


First Byte 


Second Byte 


Fields 


11011 


OPA 


1 


MOD 


1 


OPB 


R/M 


SIB 


DISP 


11011 


MF 


OPA 


MOD 


OPB* 


R/M 


SIB 


DISP 


11011 


d 


P 


OPA 


1 


1 


OPB* 


ST(i) 




11011 








1 


1 


1 


1 


OP 




11011 





1 


1 


1 


1 


1 


OP 





15-11 10 9 8 7 6 5 

OP = Instruction opcode, possibly split into two fields OPA and OPB 
MF = Memory Format 
00— 32-bit real 
01— -32-bit integer 
10— 64-bit real 
11 — 16-bit integer 
d = Destination 

0— Destinatino is ST(0) 
1— Destination is ST(i) 
R XOR id" = 0— Destination (op) Source 
R XOR d = 1— Source (op) Destination 

*ln FSUB and FDIV, the low-order bit of OPB is the R (reversed) bit 
P = POP 

0— Do not pop stack 
1— Pop stack after operation 
ESC = 11011 
ST(i) = Register stack element i 

000 = Stack top 

001 = Second stack element 



4 3 2 10 



111 = Eighth stack element 
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80387SX Extension to the 386tm Microprocessor Instruction Set 



Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 


Optional 
Bytes 2-6 


32-Bit 
Real 


32-Bit 
Integer 


64-Bit 
Real 


16-Blt 
Integer 


DATA TRANSFER 

FLD - Load* 
Integer/real memory to ST(0) 

Long integer memory to ST(0) 

Extended real memory to ST(0) 

BCD memory to ST(0) 

ST(i) to ST(0) 
FST = Store 

ST(0) to integer/real memory 

ST(0) to ST(i) 
FSTP = Store and Pop 

ST(0) to integer/real memory 

ST(0) to long integer memory 

ST(0) to extended real 

ST(0) to BCD memory 

ST(O) to ST(i) 
FXCH = Exchange 

ST(i) and ST(0) 

COMPARISON 
FCOM = Compare 

Integer/real memory to ST(0) 

ST(i)toST(0) 

FCOMP «- Compare and pop 
Integer/real memory to ST 

ST(i)toST(0) 
FCOMPP = Compare and pop twice 

ST(1)toST(0) 
FTST = Test ST(0) 

FXAM = Examine ST(0) 

CONSTANTS 

FLDZ = Load + 0.0 into ST(0) 

FLD1 = Load +1.0 into ST(0) 

FLDPI = Load pi into ST(0) 

FLDL2T - Load log 2 (10) into ST(0) 








24 

49 
49 

30 
30 


49-56 33 

64-75 

52 

274-283 

14 

84-98 55 

11 

84-98 55 
90-107 

63 

522-544 

12 

18 

60-67 39 
24 

60-67 39 
26 

26 
28 

■';.:^ : :'?i;i|/:.'i-;K : : 

30-38 

20 
24 
40 
40 


61-65 

82-95 
82-95 

71-75 
71-75 


ESC MF 1 


MOD 000 R/M 


SIB/DISP 








ESC 111 


MOD 101 R/M 


SIB/DISP 


ESC 011 


MOD 101 R/M 


SIB/DISP 


ESC 111 


MOD 100 R/M 


SIB/DISP 


ESC 001 


11000ST(i) 








ESC MF 1 


MOD 010 R/M 


SIB/DISP 


ESC 101 


^ 11010ST(i) 








ESC MF 1 


MOD 011 R/M 


SIB/DISP 


ESC 111 


MOD 111 R/M 


SIB/DISP 








ESC 011 


MOD 111 R/M 


SIB/DISP 


ESC 111 


MOD 110. R/M 


SIB/DISP 


ESC 101 


11001 ST(i) 








ESC 001 


11001 ST(i) 






ESC MF 


MOD 010 R/M 


SIB/DISP 


ESC 000 


11010ST(i) 








ESC MF 


MOD 011 R/M 


SIB/DISP 


ESC 000 


11011 ST(i) 


I 
I 






ESC 110 


1101 1001 


ESC 001 


11100100 








11101 STfl) 


ESC 001 


°- iWi08i;v 

11100101 






ESC 001 


11101110 






ESC 001 


11101000 






ESC 001 


11101011 






ESC 001 


11101001 











Shaded areas indicate instructions not available in 8087/80287. 

NOTE: 

a. When loading single- or double-precision zero from memory, add 5 clocks. 
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80387SX Extension to the 386™ Microprocessor Instruction Set (Continued) 



Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 
1 


Optional 
Bytes 2-6 


32-Bit 
Real 


32-Bit 
Integer 


64-Bit 
Real 


16-Bit 
Integer 


CONSTANTS (Continued) 
FLDL2E = Load log 2 (e) into ST(0) 
FLDLG2 = Load log 10 (2) into ST(0) 
FLDLN2 = Load log e (2) into ST(0) 

ARITHMETIC 
FADD = Add 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FSUB = Subtract 

Integer/real memory with ST(0) 

ST(i) and ST(0) 
FMUL - Multiply 

Integer/real memory with ST(0) 

ST(i)andST(0) 
FDIV - Divide 

Integer/real memory with ST(0) 

ST(i) and ST(0) 

FSQRT 1 = Square root 

FSCALE = Scale ST(0) by ST(1) 

FPREM = Partial remainder 

FPREM1 » Partial remainder 
(IEEE) 

FRNDINT = Round ST(0) 
to integer 

FXTRACT = Extract components 
of ST(0) 

FABS = Absolute value of ST(0) 
FCHS = Change sign of ST(O) 








28-36 

28-36 

31-39 

93 


40 
41 
41 

61-76 37-45 
23-31 b 

61-76 36-44 
26-34d 

65-86 40-65 
29-57° 

124-131f 102 

88h 

122-129 

67-86 

74-155 

66-80 

70-76 

22 
24-25 


71-85 

71-83C 

76-87 

136-1409 


ESC 001 


11101010 






ESC 001 


11101100 






ESC 001 


11101101 






ESCMF0 


MOD 000 R/M 


SIB/DISP 


ESC d P 


11000ST(i) 








ESCMF0 


MOD 10 R R/M 


SIB/DISP 








ESCdPO 


1110 R R/M 






ESC MF 


MOD 001 R/M 


SIB/DISP 


ESCdPO 


11001 R/M 








ESCMF0 


MOD 11 R R/M 


SIB/DISP 


ESC d P 


1111 RR/M 




ESC 001 


1111 1010 


ESC 001 


11111101 


ESC 001 


1111 1000 






- mm- 


1114 0101 , 






ESC 001 


1111 1100 






ESC 001 


1111 0100 






ESC 001 


1110 0001 






ESC 001 


1110 0000 











Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 

b. Add 3 clocks to the range when d = 1. 

c. Add 1 clock to each range when R = 1. 

d. Add 3 clocks to the range when d = 0. 

e. typical = 52 (When d = 0, 46-54, typical = 49). 

f. Add 1 clock to the range when R = 1 . 

g. 135-141 when R = 1. 

h. Add 3 clocks to the range when d = 1 . 
i. -0 £ ST(0) ^ +oo. 
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80387SX Extension to the 386tm Microprocessor Instruction Set (Continued) 



Instruction 


Encoding 


Clock Count Range 


Byte 



Byte 

1 


Optional 
Bytes 2-6 


TRANSCENDENTAL 

FPTAN* = Partial tangent of ST(0) 
FPATAN = Partial arctangent 

F2XM1' = 2ST(0) - 1 
FYL2Xm = ST(1) * log 2 (ST(0)) 
FYL2XP1" = ST(1) * log 2 (ST(0) + 1.0) 
PROCESSOR CONTROL 
FINIT = Initialize NPX 
FSTSW AX = Store status word 
FLDCW = Load control word 
FSTCW = Store control word 
FSTSW = Store status word 
FCLEX = Clear exceptions 
FSTENV = Store environment 
FLDENV = Load environment 
FSAVE = Save state 
FRSTOR - Restore state 
FINCSTP = Increment stack pointer 
FDECSTP = Decrement stack pointer 
FFREE = Free ST(i) 
FNOP = No operations 


|: ;iscom:< s 1'- Wi«*r v J: : * .'• < " r 






ESC 001 | 11110010 


l-llliillllSfWsllI 

ilililBBIIB 
Kiiiiiiiiiiiiiil 


liiiiiiii 


191-497) 
314-487 

211-476 
120-538 
257-547 

33 

13 

19 

15 

15 

11 
103-104 

71 
475-476 

388 

21 

22 

18 

12 


ESC001 | 11110011 






my::j;:,Mmmm:-,.^, 


ESC 001 | 11110000 


ESC 001 | 11110001 


ESC 001 | 11111001 




ESC011 | 11100011 




ESC 111 | 11100000 




ESC 001 | MOD101R/M 


SIB/DISP _j 


ESC 101 | MOD111R/M 


SIB/DISP 


ESC 101 | MOD111R/M 


SIB/DISP 






ESC 011 | 1110 0010 




ESC 001 | MOD110R/M 


SIB/DISP 






ESC 001 [ MOD100R/M 


SIB/DISP 


ESC 101 | MOD110R/M 


SIB/DISP 






ESC 101 | MOD100R/M 


SIB/DISP 






ESC001 | 11110111 


ESC001 | 11110110 




ESC 101 | 1100 0ST(i) 




ESC 001 | 1 1 01 0000 





Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 

j. These timings hold for operands in the range |x| < ir/A. For operands not in this range, up to 76 additional clocks may be 
needed to reduce the operand, 
k. <; | ST(0) I < 263. 

I. -1.0 <; ST(0) * 1.0. 

m. <; ST(0) < oo, - oo < ST(1) < + oo. 

n. <: |ST(0)| < (2 - SQRT(2))/2, -oo < ST(1) < +oo. 
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APPENDIX A 
COMPATIBILITY BETWEEN 
THE 80287 AND THE 8087 



The 80286/80287 operating in Real-Address mode 
will execute 8086/8087 programs without major 
modification. However, because of differences in the 
handling of numeric exceptions by the 80287 NPX 
and the 8087 NPX, exception-handling routines may 
need to be changed. 

This appendix summarizes the differences between 
the 80287 NPX and the 8087 NPX, and provides 
details showing how 8086/8087 programs can be 
ported to the 80286/80287. 

-1. The NPX signals exceptions through a dedicated 
ERROR line to the 80286. The NPX error signal 
does not pass through an interrupt controller (the 
8087 INT signal does). Therefore, any interrupt- 
controller-oriented instructions in numeric excep- 
tion handlers for the 8086/8087 should be delet- 
ed. 

2. The 8087 instructions FENI/FNENI and FDISI/ 
FNDISI perform no useful function in the 80287. If 
the 80287 encounters one of these opcodes in its 
instruction stream, the instruction will effectively 
be ignored— none of the 80287 internal states will 
be updated. While 8086/8087 containing these 
instructions may be executed on the 
80286/80287, it is uniikeiy that the exception- 
handling routines containing these instructions 
will be completely portable to the 80287. 

3. Interrupt vector 16 must point to the numeric ex- 
ception handling routine. 

4. The ESC instruction address saved in the 80287 
includes any leading prefixes before the ESC op- 

, code. The corresponding address saved in the 
8087 does not include leading prefixes. 

5. In Protected-Address mode, the format of the 
80287's saved instruction and address pointers is 
different than for the 8087. The instruction op- 
code is not saved in Protected mode— exception 
handlers will have to retrieve the opcode from 
memory if needed. 

6. Interrupt 7 will occur in the 80286 when executing 
ESC instructions with either TS (task switched) or 
EM (emulation) of the 80286 MSW set (TS = 1 or 
EM = 1). If TS is set, then a WAIT instruction will 



also cause interrupt 7. An exception handler 
should be included in 80286/80287 code to han- 
dle these situations. 

7. Interrupt 9 will occur if the second or subsequent 
words of a floating-point operand fall outside a 
segment's size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment's size. An exception handler should be 
included in 80286/80287 code to report these 
programming errors. 

8. Except for the processor control instructions, all 
of the 80287 numeric instructions are automati- 
cally synchronized by t he 802 86 CPU— the 80286 
automatically tests the BUSY line from the 80287 
to ensure that the 80287 has completed its previ- 
ous instruction before executing the next ESC in- 
struction. No explicit WAIT instructions are re- 
quired to assure this synchronization. For the 
8087 used with 8086 and 8088 processors, ex- 
plicit WAITs are required before each numeric in- 
struction to ensure synchronization, Although 
8086/8087 programs having explicit WAIT in- 
structions will execute perfectly on the 
80286/80287 without reassembly, these WAIT in- 
structions are unnecessary. 

9. Since the 80287 does not require WAIT instruc- 
tions before each numeric instruction, the 
ASM286 assembler does not automatically gener- 
ate these WAIT instructions. The ASM86 assem- 
bler, however, automatically precedes every ESC 
instruction with a WAIT instruction. Although nu- 
meric routines generated using the ASM86 as- 
sembler will generally execute correctly on the 
80286/80287, reassembly using ASM286 may re- 
sult in a more compact code image. 

The processor control instructions for the 80287 
may be coded using either a WAIT or No-WAIT 
form of mnemonic. The WAIT forms of these in- 
structions cause ASM286 to precede the ESC in- 
struction with a CPU WAIT instruction, in the iden- 
tical manner as does ASM86. 
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DATA SHEET REVISION REVIEW 2 - Data ^P 6 representation ranges were inaccurate, 

and are revised in Table 2-1 . 

The following list represents the key differences be- 3. The ratio of the CPUCLK2 frequency to the 

tween this and the -001 versions of the 80387SX NUMCLK2 frequency must lie within the range 

Data Sheet. Please review this summary carefully. 10:16 to 14:10 instead of the former 10:16 to 

1.A new Figure 3-1 was added to illustrate the 16:10 specification. 
80387SX operating in an asynchronous mode. 
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Micro Channel COMPATIBLE PERIPHERALS FAMILY 

High Performance/High Integration/100% Compatibility 



Total Solution . . . High Integration VLSI 
Components Implement Complete 
Micro Channel Compatible 
Motherboards 

Single Architectural Solution for 80386 
and 80386SX Systems 

High Performance 

— 80386 Systems to 25 MHz 

— Up to 16 MB of Zero Wait State 
Page-Interleaved DRAM 

— Interface to Industry Standard 82385 
Cache Controller for Maximum 
Performance Memory Design 

100% Compatible at All Levels 

— Architecture Compatible 

— Register Level Compatible 

— Compatible with All Micro Channel 
Bus Timing and Drive Characteristics 



High Integration . . . Two Chip Sets to 
Choose from, 82310 and More Highly 
Integrated 82311 

82310 Chip Set Includes: 

— 82306 Local Channel Support Chip 

— 82307 DMA Controller/Central 
Arbiter 

— 82308 Micro Channel Bus Controller 

— 82309 Address Bus Controller 

— 82706 VGA Graphics Controller 

82311 Chip Set Includes: 

— 82303 and 82304 Local I/O Channel 
Support Chips 

— 82307 DMA Controller/Central 
Arbiter 

— 82308 Micro Channel Bus Controller 

— 82309 Address Bus Controller 

— 82706 VGA Graphics Controller 

— 82077 Floppy Disk Controller 



Intel's Micro Channel Peripheral Family consists of two chip sets, either of which can be used to build a high 
performance, 100% Micro Channel compatible motherboard. The two chip sets differ primarily in their imple- 
mentation of the motherboard peripheral bus. The 8231 Chip Set supports either the 8272A or 82072 Floppy 
Disk Controller. The 82311 Chip Set features a more highly integrated peripheral bus, and includes the 82077 
Single Chip Floppy Disk Controller. (The 8231 1 chip set does not support the 8272A or 82072.) Both chip sets 
support 80386 systems up to 25 MHz and 80386SX 16 MHz systems. 

The following pages describe Intel's Micro Channel Peripheral Family. The first section presents an overview 
of the 82310 and 82311 chip sets, and discusses system issues such as clock requirements and Micro 
Channel interface logic. Following this are the individual component descriptions and specifications. 



82310 82311 
ChipSet Chip Set 

82303 Local I/O Support Chip #> 

82304 Local I/O Support Chip i> 

82306 Local Channel Support f 
Chip 

82307 DMA/MicroChannel * * 
Arbitration Controller 

82308 Micro Channel Bus *^ * 
Controller 

82309 Address Bus Controller 

82706 VGA Graphics 
Controller 

82077 Floppy Disk Controller * 

Figure 1. Micro Channel Peripheral Family 



* 
* 



w 
w 



4-489 



iny 



A0WAMK32 mFQmSWSWM 



82310 

Micro Channel COMPATIBLE 

PERIPHERAL CHIP SET 



Highly Integrated VLSI Components to 
Implement Micro Channel Compatible 
Motherboard 

Single Architectural Solution for 80386 
16 MHz, 20 MHz and 25 MHz systems, 
and 80386SX 16 MHz Systems 

Full Compatibility with IBM Micro 
Channel Architecture 

Zero-Wait State Performance 

Cache Interface (82385) for Highest 
Performance Compatible System 
Implementation with 80386 

Supports up to 16 MB of Memory on 

Motherboard 

— Extended Memory for OS/2 Support 

100% IBM Compatible VGA Graphics 



Flexible Memory Architecture Support 

— Up to 4 Banks of Interleaved Page 
Memory 

— 256K, 1M,4M DRAM Support 

Multiple Floppy Disk Controller 
Interface to Support 3 1 / 2 " and 5%" 
Disk Drives 

Keyboard and BIOS Support from 3rd 
Party 

Numeric Coprocessor(s) Interface 
(80387, 80387SX) 

Surface Mount Packaging for Small 
Footprint Design (0.025" Pitch) 

Low Power CHMOS Technology 

Available in 100 & 132-Pin Plastic Quad 
Flat Pack Packages. 

(See Packaging Spec. # 231369) 



Intel's peripheral chip family is designed to support the new generation of Micro Channel compatible systems. 
Intel's Micro Channel compatible peripheral solution consists of highly integrated VLSI components designed 
to support 80386 systems up to 25 MHz, as well as 16 MHz 80386SX systems. 

The Intel solution is based on the high performance IBM Model 80 register model but it is highly integrated to 
provide full compatibility across all models. The specifications for 82310 VLSI components conform to archi- 
tectural specifications defined for the Micro Channel Bus Architecture. The VLSI components are implemented 
in 1 .5 micron CHMOS technology and packaged in space saving surface mount JEQEC flat pack packages. 
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INTRODUCTION 

The new generation of Personal Computer systems 
from IBM offers significant technological advantages 
over the PC/AT and XT systems. The most signifi- 
cant advancement is in the Architectural definition of 
the bus— Micro Channel Bus. Unlike the AT bus, the 
Micro Channel is well defined in terms of bus proto- 
col timings. To create a compatible Micro Channel 
system requires adherence to the Micro Channel 
timings and electrical drive characteristics. 

All IBM Micro Channel models have increased sys- 
tem functionality included on the motherboard. In 
the older PC/AT architecture, such functionality re- 
quired the addition of peripheral cards. Specific fea- 
tures added to the motherboard include the Serial 
Port, Bi-directional Parallel Port and Video Graphics 
Control. 



Micro Channel ARCHITECTURE 

The Micro Channel Bus is defined to support an 
open architecture providing Multi-Master capability, 
Multi-Device arbitration with fairness, arbitration ca- 
pability and easy configurability of the total system 
(Programmable Option Select-POS). Providing full 
details about the Micro Channel Bus Architecture is 
beyond the scope of this document. Please refer to 
IBM Technical Reference Manuals on Micro Chan- 
nel systems. 

To provide Multi-Master capability as defined in the 
Micro Channel Architecture, each Master device is 
responsible for driving the Address, Data, arbitration 
and control signals. For operation reliability and 
compatibility there are significant constraints in 
terms of timing and drive levels. These constraints 
are well documented in IBM's Technical Reference 
Manual for Micro Channel systems. Intel's chip set is 
designed to meet the Micro Channel timings. 

The Micro Channel has four modes of Memory and 
I/O Bus cycles. These are Default cycle, Synchro- 
nous Extended cycle, Asynchronous Extended cycle 
and Matched Memory cycle. Each of these bus cy- 
cles is supported by the Intel Peripheral chip set. 



COMPATIBILITY METRICS 

The Intel chip set provides full compatibility with the 
IBM Micro Channel solution. All Bus cycles comply 
with the Micro Channel timings. Selection of buffers 
for drive level with minimum delays to meet Micro 
Channel timings are specified in the Intel Designers 
Guide for Micro Channel Compatible Implementa- 
tion. 



MEMORY PERFORMANCE 

With the Intel chip set, Micro Channel compatible 
motherboards can be designed to provide zero-wait 
performance. Performance is predicated on memory 
design and DRAM speed selection. The Intel chip 
set offers flexible memory design support to meet 
various cost/performance goals. 



SYSTEM CONSIDERATIONS 
System Components 

82306 Local Channel Support Chip 

82307 DMA/CACP Controller 

82308 Micro Channel Bus Controller 

82309 Address Bus Controller 
82706 VGA Graphics Controller 

Note that the above part names/numbers are fre- 
quency independent; i.e., they refer to a generic 
functional VLSI device. To actually implement for ex- 
ample, a 20 MHz system, however requires an 
82310-20 Chip Set as opposed to an 82310-16 Chip 
Set. The 25 MHz version of the 82308 (dubbed the 
82308HS-25) cannot be used at 16 MHz or 20 MHz. 

To implement a minimum configuration Micro Chan- 
nel compatible motherboard, each of the five system 
components listed above are required in addition to 
the following components: 

• 80386 or 80386SX Microprocessor 

• TTL/CMOS Buffers for Various Buses in the Sys- 
tem 

• 8742 Keyboard Controller with Firmware for 101 
and 102 Keyboard Interface 

• 8272A or 82072 for Floppy Disk Controller 

— 8272A Required to Maintain IBM Look-Alike 
Motherboard with 3 1 / 2 " Drive Support 

— 82072 for PS/2 Compatible 3 1 / 2 " and AT Com- 
patible 5 1 / 4 " Disk Drive Interface 

• Battery-Backed Real Time Clock with CMOS 
RAM 

• Serial Port 

• Parallel Port 

• Programmable Interrupt Controllers (Two 8259s) 

• Memory 

— ROM BIOS 

— DRAMs for Main Memory 

— DRAMs for VGA 

• System Clock Sources 

• Mechanical Connectors/Components 
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The Intel solution Is supported by a fully compatible 
BIOS firmware from a third-party vendor. 



82310 CHIP SET SYSTEM CLOCK 
REQUIREMENTS 

■ Introduction 

■ Clock Definitions 

■ Clock Requirements 

INTRODUCTION 

This section describes the basic clocking scheme of 
the host CPU (80386 or 80386SX), LCS (82306), 
DMA (82307), BC (82308) and ABC (82309). Al- 
though each component spec individually describes 



its own clock requirements, this section describes 
the synchronous relationship that exists between 
them, (Note that several other clocks exist in a Micro 
Channel system, However, this section describes 
only those clocks that are synchronously related to 
the CPU clock.) 

The clocking scheme essentially divides the DMA 
bus state into four phases as depicted in the figure. 
Note that there is a direct 2-to-1 mapping of 80386 
state to DMA state. The DMA (82307) and LCS 
(82306) comprehend phases by inputting distinct, 
active low, non-overlapping clock phases. The Ad- 
dress Bus Controller and Bus Controller learn the 
system phase by synchronously sampling the falling 
edge of RESET, as described in the component 
specifications. 



BASIC FOUR-PHASE CLOCKING REQUIREMENT 



SCLK 
(82307 DMA)CLK1 
(82307 DMA)CLK3 
(82307 DMA)CLK2 
(82306 LCS)CLK1 
(82306 LCS)CLK2 
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CLOCK CIRCUIT DEFINITION 




-► SCLK (CLK2 for 80386, 80387, 82385. 82308, 82309) 
-*> (DMA)CLK3 (also (LCS)CLK2) 
(DMA)CLK1 
• (DMA)CLK2 
■ (LCS)CLK1 



290167-7 



SYSTEM CLOCK REQUIREMENTS 



Symbol 


Parameter 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


Notes 




Min 


Max 


Min 


Max 


Min 


Max 




T1 


SCLK High Time (90%) 


8 




6.5 




5.5 






T2 


SCLK Low Time (10%) 


8 




6.5 




5.5 






T3 


SCLK High Time (50%) 


12 




10 




9 




1 


T4 


SCLK Low Time (50%) 


12 




10 




9 




1 


T5 


SCLK Rise Time 




3.5 




3.5 




3.5 




T6 


SCLK Fall Time 




3.5 




3.5 




3.5 




T7 


SCLK-To-DMACLK(N) Skew 


-2 


3 


-2 


3 


-2 


3 


2 


T8 


DMACLK(N) Rise Time 




2 




2 




2 




T9 


DMACLK(N) Fall Time 




2 




2 




2 




T10 


SCLK Period 
















T11 


DMACLK-To-DMACLK Skew 


-2 


2 


-2 


2 


-2 


2 


2 


T12 


DMACLK Low Time 


15 




15 




12 






T13 


DMACLK Non-Overlap Time 


4 




4 




2 







NOTES: 

1. Needed to enforce a duty cycle between 40% and 60%. (45% and 55% at 25 MHz.) 

2. Limiting skew to this level is recommended. 
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82311 

HIGH INTEGRATION Micro Channel 

COMPATIBLE PERIPHERAL CHIP SET 



High Integration VLSI Components to 
Implement Micro Channel Compatible 
Motherboard 

Single Architectural Solution for 80386 
16 MHz, 20 MHz and 25 MHz Systems 
and 80386SX 16 MHz Systems 

Full Compatibility with IBM Micro 
Channel Architecture 

Zero-Wait State Performance 

Cache Interface (82385) for Highest 
Performance Compatible System 
Implementation with 80386 

Supports up to 16 MB of Memory on 

Motherboard 

— Extended Memory for OS/2 Support 

100% IBM Compatible VGA Graphics 



Flexible Memory Architecture Support 

— Up to 4 Banks of Interleaved Page 
Memory 

— 256K, 1M, 4M DRAM Support 

Supports the 82077 Single Chip Floppy 
Disk Controller, Which Supports 3 1 / 2 " 
and5 1 / 4 " Disk Drives 

Keyboard and BIOS Support from 3rd 
Party 

Numeric Coprocessor(s) Interface 
(80387, 80387SX) 

Surface Mount Packaging for Small 
Footprint Design (0.025" Pitch) 

Low Power CHMOS Technology 

Available in 100 & 132-Pin Plastic Quad 
Flat Pack Packages. 

(See Packaging Spec. # 231369) 



Intel's peripheral chip family is designed to support the new generation of Micro Channel compatible systems. 
Intel's Micro Channel compatible peripheral solution consists of highly integrated VLSI components designed 
to support 80386 systems up to 25 MHz, as well as 16 MHz 80386SX systems. 

The Intel solution is based on the high performance IBM Model 80 register model but it is highly integrated 
to provide full compatibility across all models. The specifications for 82311 VLSI components conform to 
architectural specifications defined for the Micro Channel Bus Architecture. The VLSI components are imple- 
mented in 1 .5 micron CHMOS technology and packaged in space saving surface mount JEDEC flat pack 
packages. 



80386/ 
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INTRODUCTION 

The new generation of Personal Computer systems 
from IBM offers significant technological advantages 
over the PC/AT and XT systems. The most signifi- 
cant advancement is in the Architectural definition of 
the bus— Micro Channel Bus. Unlike the AT bus, the 
Micro Channel is well defined in terms of bus proto- 
col timings. To create a compatible Micro Channel 
system requires adherence to the Micro Channel 
timings and electrical drive characteristics. 

All IBM Micro Channel models have increased sys- 
tem functionality included on the motherboard. In 
the older PC/AT architecture, such functionality re- 
quired the addition of peripheral cards. Specific fea- 
tures added to the motherboard include the Serial 
Port, Bi-directional Parallel Port and Video Graphics 
Control. 



Micro Channel ARCHITECTURE 

The Micro Channel Bus is defined to support an 
open architecture providing Multi-Master capability, 
Multi-Device arbitration with fairness, arbitration ca- 
pability and easy configurability of the total system 
(Programmable Option Select-POS). Providing full 
details about the Micro Channel Bus Architecture is 
beyond the scope of this document. Please refer to 
IBM Technical Reference Manuals on Micro Chan- 
nel systems. 

To provide Multi-Master capability as defined in the 
Micro Channel Architecture, each Master device is 
responsible for driving the Address, Data, arbitration 
and control signals. For operation reliability and 
compatibility there are significant constraints in 
terms of timing and drive levels. These constraints 
are well documented in IBM's Technical Reference 
Manual for Micro Channel systems. Intel's chip set is 
designed to meet the Micro Channel timings. 

The Micro Channel has four modes of Memory and 
I/O Bus cycles. These are Default cycle, Synchro- 
nous Extended cycle, Asynchronous Extended cycle 
and Matched Memory cycle. Each of these bus cy- 
cles is supported by the Intel Peripheral chip set. 



COMPATIBILITY METRICS 

The Intel chip set provides full compatibility with the 
IBM Micro Channel solution. All Bus cycles comply 
with the Micro Channel timings. Selection of buffers 
for drive level with minimum delays to meet Micro 
Channel timings are specified in the Intel Designers 
Guide for Micro Channel Compatible Implementa- 
tion. 



MEMORY PERFORMANCE 

With the Intel chip set, Micro Channel compatible 
motherboards can be designed to provide zero-wait 
performance. Performance is predicated on memory 
design and DRAM speed selection. The Intel chip 
set offers flexible memory design support to meet 
various cost/ performance goals. 



SYSTEM CONSIDERATIONS 
System Components 

82303 Local I/O Support Chip 

82304 Local I/O Support Chip 

82307 DMA/CACP Controller 

82308 Micro Channel Bus Controller 

82309 Address Bus Controller 
82706 VGA Graphics Controller 
82077 Floppy Disk Controller 

Note that the above names/numbers are frequency 
independent; i.e., they refer to a generic functional 
VLSI device. To actually implement for example, a 
20 MHz system, however, requires an 82311-20 
Chip Set as opposed to an 82311-16 Chip Set. The 
25 MHz version of the 82308 (dubbed ttie 82308HS- 
25) cannot be used at 16 MHz or 20 MHz. 

To implement a minimum configuration Micro Chan- 
nel compatible motherboard, each of the seven sys- 
tem components listed above are required in addi- 
tion to the following components: 

• 80386 or 80386SX Microprocessor 

• TTL Buffers for Various Buses in the System 

• 8742 Keyboard Controller with Firmware for 101 
and 102 Keyboard Interface 

• Battery-Backed Real Time Clock with CMOS 
RAM 

• Serial Port 

• Memory 

— ROM BIOS 

— DRAMs for Main Memory 

— DRAMs for VGA 

• System Clock Sources 

• Mechanical Connectors/Components 

The Intel solution is supported by a fully compatible 
BIOS firmware from a third-party vendor. 
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82311 CHIP SET SYSTEM CLOCK 
REQUIREMENTS 

■ Introduction 

■ Clock Definitions 

■ Clock Requirements 



INTRODUCTION 

This section describes the basic clocking scheme of 
the host CPU (80386 or 80386SX), LIO (82304), 
DMA (82307), BC (82308) and ABC (82309). Al- 
though each component spec individually describes 
its own clock requirements, this section describes 



the synchronous relationship that exists between 
them. (Note that several other clocks exist in a Micro 
Channel system. However, this section describes 
only those clocks that are synchronously related to 
the CPU clock.) 

The clocking scheme essentially divides the DMA 
bus state into four phases as depicted in the figure. 
Note that there is a direct 2-to-1 mapping of 80386 
state to DMA state. The DMA (82307) comprehends 
phases by inputting distinct, active low, non-overlap- 
ping clock phases. The Address Bus Controller, Bus 
Controller and LIO device learn the system phase by 
synchronously sampling the falling edge of 
RESET, as described in the component specifica- 
tions. 



BASIC FOUR-PHASE CLOCKING REQUIREMENT 



SCLK 
(82307 DMA)CLK1 
(82307 DMA)CLK3 
(82307 DMA)CLK2 
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CLOCK CIRCUIT DEFINITION 



XTAL ► 




SCLK (CLK2 for 80386, 80387. 82385, 82308, 82309, 82304) 

(DMA)CLK3 

(DMA)CLK1 

(DMA)CLK2 



290167-84 



90% 
SCLK 50% 

10% 




(DMA)CLKI 



SYSTEM CLOCK REQUIREMENTS 



Symbol 


Parameter 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


Notes 




Min 


Max 


Min 


Max 


Min 


Max 




T1 


SCLK High Time (90%) 


8 




6.5 




5.5 






T2 


SCLK Low Time (10%) 


8 




6.5 




5.5 






T3 


SCLK High Time (50%) 


12 




10 




9 




1 


T4 


SCLK Low Time (50%) 


12 




10 




9 




1 


T5 


SCLK Rise Time 




3.5 




3.5 




3.5 




T6 


SCLK Fall Time 




3.5 




3.5 




3.5 




T7 


SCLK-To-DMACLK(N) Skew 


-2 


3 


-2 


3 


-2 


3 


2 


T8 


DMACLK(N) Rise Time 




2 




2 




2 




T9 


DMACLK(N) Fall Time 




2 




2 




2 




T10 


SCLK Period 
















T11 


DMACLK-To-DMACLK Skew 


-2 


2 


-2 


2 


-2 


2 


2 


T12 


DMACLK Low Time 


15 




15 




12 






T13 


DMACLK Non-Overlap Time 


4 




4 




2 







NOTES: 

1 . Needed to enforce a duty cycle between 40% and 60% (45% and 55% at 25 MHz). 

2. Limiting skew to this level is recommended. 
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Micro Channel INTERFACE AND SPECIFICATIONS 

■ Introduction ■ Micro Channel Interface Logic 

■ Micro Channel Specifications Re SSfi r ^r!f nt f «"• » *u 

K — 80386 System Data Path 

— 80386 System Address/Command 
Path 

— 80386SX System Data Path 

— 80386SX System Address Command 
Path 

INTRODUCTION 

This section describes the interface between the host CPU (80386, 80386SX), DMA (82307), Bus Controller 
(82308) and Micro Channel Bus. This interface provides 100% compliance to published Micro Channel tim- 
ings, driver type requirements, drive levels, and drive current capability. Timings meet the full capacitive load 
allowed on the Micro Channel. 

The Micro Channel Specifications included in this section assume the specific TTL Data, Address, and Com- 
mand Path interfaces depicted in the accompanying figures. Timing analysis was based on the Bus Controller 
AC specifications included in the 82308 Bus Controller section. Worst case TTL analysis was used, except 
when two related signals share a path through the same physical chip. (For example, since MMCCMD#, S0#, 
and S1 # propagate through the same 74F241 package in an 80386 system, one signal will not experience a 
worst case delay while the other sees a best case. Rather, it is assumed that the signals will track within 2 ns 
of each other.) For this reason, it is important to follow the recommendations detailed at the end of this section 
in the Interface Logic Notes. 

The F and AS TTL logic is typically specified into a 50 pF load, worst case delays were derated at 1 ns per 50 
pF for loads greater than 50 pF. As an example, the 74F241 published maximum delay is specified as 7 ns. To 
meet Micro Channel bus loading of 250 pF, a 4 ns derating factor was added, resulting in an effective worst 
case delay of 1 1 ns. 
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DEFAULT CYCLE SPECIFICATIONS 


ALL KITS 


Symbol 


Parameter 


Min 


Max 


T1 


Status active from ADDR,M/IO#,REFRESH# 


10 




T2 


CMD# active from Status active 


55 




T3 


ADL# active from ADDR,M/IO#,REFRESH# 


45 




T4 


ADL# active to CMD# active 


40 




T5 


ADL# active from Status active 


12 




T6 


ADL# pulse width 


40 




T7 


Status hold from ADL# inactive 


25 




T8 


ADDR,M/IO#,REFRESH#,SBHE# hold frm ADL# INACTIVE 


25 




T9 


ADDR,M/IO#,REFRESH#,SBHE# hold frm CMD# ACTIVE 


30 




T10 


Status hold from CMD # active 


30 




T11 


SBHE# setup to ADL# inactive 


40 




T12 


SBHE# setup to CMD # active 


40 




T13 


CDDS16/32 active from ADDR,M/IO#,REFRESH# 




55 


T14 


CDSFDBK# active from ADDR,M/IO#, REFRESH # 




60 


T15 


CMD # active from ADDRESS valid 


85 




T16 


CMD # pulse width 


90 




T17 


Write data setup to CMD # active 







T18 


Write data hold from CMD # inactive 


30 




T19 


Status to Read Data valid (Access Time) 




125 


T20 


Read Data valid from CMD # active 




60 


T21 


Read Data hold from CMD # inactive 







T22 


Read Data bus tri-state from CMD # INACTIVE 




40 


T23 


CMD# active to next CMD# active 


190 




T23A 


CMD # inactive to next CMD # active 


80 




T23B 


CMD# inactive to next ADL# active 


40 




T24 


Next Status active from Status Inactive 


30 




T25 


Next Status active to CMD# Inactive 




20 


T26 


CHRDY INACTIVE FROM ADDR VALID 




60 


T27 


CHRDY INACTIVE FROM STATUS ACTIVE 




30 


T28 


CHRDY RELEASE FROM CMD# ACTIVE 




30 


T28D 


READ DATA VALID FROM CMD# ACTIVE 




160 


T29S 


READ DATA VALID FROM CHRDY RELEASE 




60 


T31 


BE #(0-3) from Addr valid (32-Bit Masters Only) 




40 


T32 


BE # (0-3) active from SBHE # ,A0,A1 active 




30 


T33 


BE#(0-3) active to CMD# active 


10 
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MATCHED MEMORY CYCLE SPECIFICATIONS 




ALL KITS 


Symbol 


Parameter 


Min 


Max 


T1 


ADDR VALID TO STATUS ACTIVE 


10 




T2 


Status valid to MMCCMD # active 


82 




T3 


ADDR hold from MMCCMD# active 


20 




T4 


Status hold from MMCCMD# active 


25 




T5 


CDDS1 6/32 active from ADDR valid 




55 


T6 


MMCR # active from ADDR valid 




55 


17 


CDSFDBK# active from ADDR valid 




60 


T8 


ADDR valid to MMGCMD# active 


100 




T9 


MMCCMD # pulse width 


85 




T10 


Write Data valid to MMCCMb# active 







T11 


Write Data hold from MMCCMD # inactive 


30 




T12A 


Read Data valid from Status active 




145 


T12B 


for non-aligned xfers (1 6b < = = > 32b) 




145 


T13A 


Read Data valid from MMCCMD # active 




60 


T13B 


for non-aligned xfers (16b < = - > 32b) 




60 


T14 


Read Data hold from MMCCMD # inactive 







T15 


Read Data off dly from MMCCMD # inactive 




40 


T16 


MMCCMD# active to next MMCCMD# active 


180 




T17 


CDCHRDY valid from ADDR valid 




70 


T18 


CDCHRDY valid from Status active 




30 


T23 


Status inactive pulse width 


30 




T24 


MMCCMD # inactive to Status active 


5 




T25 


MMCCMD # inactive pulse width 


85 




T26 


MMCCMD # ACTIVE TO NEXT STATUS ACTIVE 


90 
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80386SX SYSTEM ADDRESS/COMMAND PATH 
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Micro Channel Interface Logic Notes 

80386 SYSTEM 

1. The F08 gates in the S0#, S1 # path are required 
at 20 MHz and at 25 MHz. They should not be 
used at 16 MHz. 

2. In an 82385 system, the A20 gate logic is on the 
80386 local bus, and is thus not required on the 
82385 local bus as shown in the diagram. 

3. The F08 gates in the S0#, S1 # path and the F08 
in the A20 path should all be from the same TTL 
package. 

4. It is important that S0#, S1#, BHE#, and 
MMCCMD# go through the same F241 package, 
and that CMD#, ADL#, AO, and A1 go through 
the same package, 

80386SX SYSTEM 

1. The F08 gates in the S0#, S1 # path and in the 
A20 path should all be from the same package. 



PLASTIC PACKAGING INFORMATION 

(See Packaging Spec. Order # 231369) 

Introduction 

The individual components of Intel's Micro Channel 
Compatible Peripheral Chip Sets come in JEDEC 
standard Gull Wing packages (25 MIL pitch), with 
"bumpers" on the corners for ease of handling. 
Please refer to the accompanying table for the pack- 
age associated with each device, and to the individ- 
ual component specifications for pinouts. (Note that 
the individual pinouts are numbered consistently 
with the numbering scheme depicted in the accom- 
panying figures.) 



MICRO CHANNEL COMPATIBLE PERIPHERAL 
FAMILY COMPONENT PACKAGES 



Component 


Package 


82303 


100PinPQFP 


82304 


132PinPQFP 


82306 


100PinPQFP 


82307 


132PinPQFP 


82308 


100PinPQFP 


82309 


100PinPQFP 


82706 


132PinPQFP 


82077 


68-Pin PLCC, 

See Component Data Sheet 



PLASTIC QUAD FLAT PACK (PQFP) 






/o\ 




/FttT? 








100 1 ' 
or 132 
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PRINCIPAL DIMENSIONS & DATUMS 



T 



E2 ,, E E1 



£/ 



D2 
D 
D1 




TOP VIEW 



/> 



o 



BASE PLANE 



r 

— A1 



290167-12 



TERMINAL DETAILS 



~H K 1 0-635 (0.025)| 



57" 



-D3/E3- 
-D/E- 



mm (inch) 



^5 



290167-81 
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82310/11 CHIPSET 



my/mm mm^mmrm^ 



TYPICAL LEAD 




-0.41 (0.016) 
0.20 (0.008) 



0.31 (0.012) — 
0.20 (0.008) 



mm (inch) 




0.20 (0.008) 
0.14(0.005) 



Case Outline Drawings 
Plastic Fine Pitch Chip Carrier 
0.025 inch Pitch 



0.84 mm Pitch 



Symbol 


Description 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


N 


Lead Count 


100 


132 


100 


132 


A 


Package Height 


0.160 


0.170 


0.160 


0.170 


4.06 


4.32 


4.06 


4.32 


A1 


Standoff 


0.020 


0.030 


0.020 


0.030 


0.51 


0.76 


0.51 


0.76 


D,E 


Terminal Dimension 


0.875 


0.885 


1.075 


1.085 


22.23 


22.48 


27.31 


27.56 


D1.E1 


Package Body 


0.747 


0.753 


0.947 


0.953 


18.97 


19.13 


24.05 


24.21 


D2.E2 


Bumper Distance 


0.897 


0.903 


1.097 


1.103 


22.78 


22.94 


27.86 


28.02 


D3,E3 


Lead Dimension 


0.600 Ref 


0.800 Ref 


15.24 Ref 


20.32 Ref 


L1 


Foot Length 


0.020 


0.030 


0.020 


0.030 


0.51 


0.76 


0.51 


0.76 



Inch 



mm 
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REVISION HISTORY 

The A.C. Specifications of the 82306, 82307, 82308 
and 82309 chips have been modified with respect to 
the 82310 Data Sheet Order Number 290167-001. 
These modifications apply to the 16 MHz and 
20 MHz kits only. 



82306 Spec Revisions 

— T1 changed from 14 ns to 15 ns at 16 MHz . . . 
from 12 ns to 15 ns at 20 MHz 

— T2 changed from 10 ns to 4 ns at 16 MHz . . . 
from 7 ns to 4 ns at 20 MHz 

— T16 changed from 180 ns to 230 ns at 16 MHz 
and 20 MHz 

— T20 changed from 200 ns to 120 ns at 16 MHz 
and 20 MHz 



82307 Spec Revisions 

— T1 changed from 14 ns to 15 ns at 16 MHz . . . 
from 12 ns to 15 ns at 20 MHz 

— T2 changed from 10 ns to 4 ns at 16 MHz . . . 
from 7 ns to 4 ns at 20 MHz 

— T33 cap load C(L) changed from 50 pF to 25 pF 



82308 Spec Revisions 

— T5A changed from 37 ns to 30 ns at 16 MHz and 
20 MHz 

— T6A broken into two specs . . . T6A for FLUSH, 
and T6C for SNOOP # 

— T44 broken into two specs . . . T44A for Setup to 
SCLK and T44B for Setup to UCMD# . . . T44A 
left at ns, but T44B changed to 3 ns 

— T47C changed from 35 ns to 40 ns 

82309 Spec Revisions 

— T18A changed from 45 ns to 30 ns at 16 MHz 

— T18B changed from 50 ns to 38 ns at 16 MHz 

— T18C changed from 50 ns to 35 ns at 16 MHz 

— T27B changed from 30 ns to 33 ns 

— T32B changed from 50 ns to 55 ns 

— T32E (Min) changed from 8 ns to 4 ns 

— T32E (Max) changed from 30 ns to 27 ns 

— T32G (Min) changed from 6 ns to 4 ns 

— T32I changed from 50 ns to 40 ns 

— T33 (Min) changed from 8 ns to 5 ns 

— T34 (Min) changed from 6 ns to 3 ns 

— T34 (Max) changed from 26 ns to 27 ns 

— T35 changed to 1 1 5 ns to 1 00 ns at 1 6 MHz and 
from 90 ns at 20 MHz 

— T45 changed from 26 ns to 32 ns 
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82303 
LOCAL I/O SUPPORT CHIP 



High Integration— The 82304, 82303 and 
82077 Floppy Disk Controller Replace 
50 IC's in IBM Design 

Integrated Parallel Port 

Integrated Card Setup Port (96H) 



■ Supports System Board Setup 

■ Integrated Peripheral Bus Address 
Latches 

■ Low Power CHMOS Technology 

■ 100-Pin Plastic Quad Flat Package 



The 82303 Local Channel Support Chip, along with its companion chip (the 82304) and the 82077 Floppy Disk 
Controller, significantly reduce system cost, design effort, and form factor constraints by replacing 50 IC 
devices in an equivalent IBM system. 

The 82303 integrates most all logic required to implement a parallel port. This port operates either as a 
standard parallel port or as a MicroChannel architecture compatible "extended mode" (bi-directional) port. The 
82303 also integrates the Card Setup Port (96H) and several peripheral bus address latches, and provides 
signals in support of system setup functions. 



i 

i 

A(0:2, 10:23)— |- 
XA(0:2, 10:23) 
XD(0:7) 
MI0#— r 
LMI0# «-*■ 

VGAMS# j- 

LVGAMS# «-r 
I0R# 
I0W# 
ADL# 



PD 

ABCPD 

P103RD# 

P103WR# 

P101RD# 



BUS 
INTERFACE 



MOTHERBOARD 

SETUP 

SUPPORT 



CARD 
SETUP 
PORT 



PWRUP#- 



PARALLEL 
PORT 



CDSU#(1:8) 
- CDEN# 
• PORTRST 
•M60STR# 
-CDSUWR 
• CDSURD# 



► STROBE 

• STR0BE# 

► AUT0FC 

• AUT0FC# 

► SLCTIN 

• SLCTIN# 
' INIT 
■INIT# 

• IRQ7# 
-ACK# 

» ERR0R# 
•BUSY 
•PE 
•SLCT 
• ENEXPP 
' PPDREN# 
• PPSEL# 
PPDWR# 
► PPDRD# 
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Introduction 

The 82303 is a high integration device intended for 
MicroChannel compatible system designs. It inte- 
grates the MicroChannel Card Setup Port, a parallel 
port, several peripheral bus address latches, and a 
variety of system board setup functions. The 82303, 
in conjunction with its sister chip the 82304 and the 
82077 Floppy Disk Controller, replaces approxi- 
mately 50 IC devices in an equivalent IBM system. 
Included as an appendix to this data sheet is a func- 
tional logic diagram of the 82303 that will facilitate 
understanding of the part. Note that the 62304 and 
82303 integrate a variety of system ports. For pro- 
gramming and register level details, please refer to 
the IBM Technical Reference Manual. 



Bus Interface 

The Bus Interface unit interfaces the 82303 to the 
MicroChannel and peripheral busses. It inputs the 
unlatched MicroChannel address, latches it for inter- 
nal use, and makes the latched version available ex- 
ternally for other peripheral bus resources, it also 
provides additional latches for decodes generated 
from the MicroChannel address. 



Parallel Port 

The 82303 integrates most all logic required to im- 
plement a standard or "extended-mode" parallel 



port. The only logic not integrated is that which di- 
rectly drives the physical parallel port connector, 
specifically one '05 (open collector) inverter pack- 
age and one '652 data buffer. (This allows the sys- 
tem design to stay clear of directly exposing a VLSI 
component to an external connector.) The parallel 
port can serve as LPT1 , LPT2, or LPT3, as dictated 
by the decode received via the input parallel port 
decode PPSEL#. 



Card Setup Port 

The 82303 integrates the Card Setup Port (96H), 
which generates the card setup lines to the individu- 
al MicroChannel connectors. This port also features 
a software generated reset capability that resets the 
MicroChannel, serial port, and parallel port indepen- 
dently of the rest of the system. 



Motherboard Setup Support 

The 82303 generates decoded read/write strobes 
for system board setup port 1 03H, and a read strobe 
for setup port 101H. It also generates a version of 
the system board POS decode (ABCPD) that is then 
forwarded to the 82309 Address Bus Controller. 
Note that other system board setup ports can be 
easily implemented externally using the same PD 
(POS Decode) that the 82303 uses. 



82303 Local Channel Support Chip Pin Definitions 



Signal 
Name 


Pin 
Number 


I/O 


Description 


PWRUP# 


82 


1 


Power-up reset input. Brings 82303 to initial 
known state. 


A[0:2, 10:23] 


9-12,22-25, 
27,30-37 


1 


MicroChannel address inputs. These signals are 
internally latched. (Note that in systems in 
which a full 24-bit peripheral address is not 
required, the upper significant address latches 
may be used as general purpose decode 
latches.) 


XA[0:2, 10:23] 


90-98,1-8 





Peripheral Bus Address. These outputs are 
latched versions of the MicroChannel address 
inputs. 


XD[0:7] 


14-21 


I/O 


Bi-directional peripheral data bus. 


MIO# 


39 


1 


MicroChannel MIO# indicator. 


LMIO# 


66 





Latched MicroChannel MIO# indicator. The 
MIO#/LMIO# pin combination maybe used as 
a general purpose latch if LMIO# is not 
required. 


VGAMS# 


38 


1 


VGA memory buffer decode. 
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82303 Local Channel Support Chip Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


LVGAMS# 


65 





Latched VGA memory buffer decode. The 
VGAMS#/LVGAMS# pin combination may be 
used as a general purpose latch if LVGAMS # is 
not required. 


IOR#,IOW# 


49,48 


I 


82303 read/write strobes. 


ADL# 


88 


I 


MicroChannel ADL# input. 


PD 


46 


I 


POS decode. Decode driven in response to 
accesses to system board setup Ports 100, 101 , 
103-107H. 


ABCPD 


58 





Address Bus Controller (82309) POS decode. 
This is simply the PD input gated by an active 
IOW# signal, and insures that the 82309 does 
not see a decoding glitch. 


P101RD#,P103RD#, 
P103WR# 


57, 56, 
55 





Various system board setup port read/write 
strobes. 


CDSU#[1:8] 


67-74 





Card setup signals to the MicroChannel slots. 


CDEN# 


79 


I 


Port 100-107H decode used as qualifier for card 
setup signals. 


PORTRST 


75 


, 


MicroChannel reset signal. The "OR" of the 
power-up reset and the reset function built into 
Port 96H. 


M60STR# 


83 


I 


Model 60 strap. When low, the 82303 will drive 
Port 96H data in either a Port 96 or 97H read. 
(This is in keeping with the Model 50/60 
definition.) When high, the 82303 will remain tri- 
stated during a Port 97H read. 


CDSUWR 


80 


I 


Port 96-97H write strobe. 


CDSURD# 


81 


I 


Port 96-97H read strobe. 


STROBE, AUTOFC, 
SLGTIN, INIT 


59,64, 
63, 60 





Parallel port control outputs. These signals are 
externally buffered with open collector inverters 
before driving the parallel port connector. 


STROBE#,AUTOFC#, 
SLCTIN#,INIT# 


84, 87, 
86,85 


I 


Parallel port control inputs. 


IRQ7# 


51 





Parallel port interrupt request. 


ACK#, ERROR #, BUSY, 
PE, SLCT 


43,41,47, 
42,40 


I 


Parallel port status inputs. 


ENEXPP 


44 


I 


Enable parallel port extended mode. Allows 
parallel port to operate bi-directionally. 


PPSEL# 


45 


I 


Parallel port chip select. 


PPDREN# 


52 





Enables the external '652 parallel port data 
buffer to be used bi-directionally. This signal is a 
function of the Control port direction bit (bit 5) 
and the ENEXPP input. 


PPDWR#,PPRD# 


54,53 





Parallel port data buffer write/read strobes. 


v DD 


13,61,99 




Power. 


v ss 


26, 50, 62, 
89,100 




Ground. 


N.C. 


28, 29, 76, 
77, 78 




No Connect. 
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82303 100-Pin PQFP Plnout 



fc- 2 m E Sr Q£ ^ sfeCPC 

» 8-555555353 8d§3|psSSaaa*<Mrf 



tf) <+ N> Of 1 





TOP VIEW 



trtin^"""** fs. CO 0> O *- CN K) *«s«(fcH; =*sUI s«fca. *Q> *tfes<fc t/> 

z2 g es at 



NOTE: 

1 . N.C. pins must be left not connected. 



► PORTRST 

> CDSU8# 

► CDSU7# 

• CDSU6# 
►. CDSU5# 

> CDSU4# 

► CDSU3# 
►CDSU2# 

> CDSU1# 

> LMI0# 

► LVGAMS# 

► AUTOFC 

► SLCTIN 

.v ss 

►•■ V DD 

► INIT 

> STROBE 

► ABCPD 
•P101RD# 
►P103RD# 
>P103WR# 

> PPDWR# 

> PPDRD# 

► PPDREN# 

• IRQ7# 
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82303 PARAMETRICS 
ABSOLUTE MAXIMUM RATINGS* 

Case Temperature Under Bias - 40°C to + 85°C 

Storage Temperature -65°C to + 1 50°C 

Voltage to any Pin 
with Respect to Ground -0.3V to +(Vcc +0.3)V 

DC Supply Voltage (V C c) -0.3V to + 7.0V 

DC Input Current ± 10 mA 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS T C = o°cto +70°c 


Vcc = ! 


5V ±10% 






Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage 




0.8 


V 




V|H 


Input High Voltage 


2.0 




V 




Vol 


Output Low Voltage 




0.4 


V 


I l = 4mA(Note1) 


VOH 


Output High Voltage 


2.4 




V 


Ioh = 4mA(Note1) 


Vol 


Output Low Voltage 




0.4 


V 


Iql = 2 mA (Note 2) 


Voh 


Output High Voltage 


2.4 




V 


Ioh = 2 mA (Note 2) 


'cc 


Power Supply Current 




180 


mA 


No DC Loads 


Ili 


Input Leakage Current 




±10 


jllA 


Vss < v, N < V CC 


loz 


TRI-STATE Output Leakage Current 




±10 


jmA 


Vss < VquT < V CC 



NOTES: 

1. CDSU# [1:8], XA [0:2, 10:23], XD[0:7]. 

2. All outputs other than those listed in Note 1 . 



82303 A.C. SPECIFICATIONS T C - O'Cto + 70°C, v cc - 


5V ±10% 






Symbol 


Parameter 


Min 


Max 


C L (PF) 


Notes 


Ti 


PWRUP#, Pulse Width 


500 








T 2 


IOR#, IOW#, CDSURD#, CDSUWR Pulse Width 


170 








T 3 


Write Data Setup 


25 






(Notel) 


T 4 


Write Data Hold 


10 






(Note 2) 


T 5 


Read Data Valid Delay 




60 


100 


(Note 3) 


T 6 


Read Data Float Delay 




40 


100 


(Note 5) 


T 7 


Status Inputs to XD[0:7] 




35 


100 


(Note 6) 


T 8 


Write Strobe Delays 




35 


50 


(Note 7) 


T 9 


Read Strobe Delays 




40 


50 


(Note 8) 


T11 


PPSEL#, PD Setup to IOR#, IOW# I 


20 








T12 


PPSEL#, PD Hold from iOR#, IOW#T 


5 








T13 


XA[0:2, 10:23] DLY from ADL# i 




35 


100 




T14 


A[0:2, 10:23], VGAMS#, MIO# Setup to ADL# f 


30 








T17 


CDSU# [1:8] Delay from CDEN# 




28 


75 




Tie 


IOR#t toADL#4 


30 








T19 


LVGAMS#, LMIO# Delay from ADL# I 




35 


50 





NOTES: 

1. To IOW# or CDSUWR active, whichever is appropriate. 

2. From IOW# or CDSUWR inactive, whichever is appropriate. 

3. From IOR# or CDSURD# active, whichever is appropriate. 

5. From IOR # or CDSURD# inactive, whichever is appropriate. 

6. Parallel port status inputs include SLCT, PE, BUSY, ERROR #, and ACK#. 

7. Write strobes include P103WR# and PPDWR#. 

8. Read strobes include P103RD#, P101RD#, and PPDRD#. 
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82303 Drive Levels/Measurement Points for A.C. Specifications 



Input/Output Pulse Widths 



INPUTS 



INPUT TO 

OUTPUT 

- DELAY — 



X 



T^V 



OUTPUTS 



• 3V 

• 0V INPUT/OUTPUT" 

PULSE WIDTHS. 



PULSE 
WIDTH 



)^1.5V 1.5vX 



1 .5V 



INPUT SETUP 

AND HOLD TO 

ANOTHER INPUT 



Input Setup and Hold to another Input 



-SETUP- 



ssss 



nrsr 



-3V 
-0V 



-HOLD- 



W77777 



3V 
OV 



290184-5 



NOTE: 

Input Waveforms have Tr <. 2.0 ns from 0.8V to 2.0V. 



UCHANNEL ADDR, "777V" 



MI0#i 
STATUS 
ADL#" 
CMD# 
IOR#, IOW# 



• w/ww/w/ww//////// 



-T14- 



GDSURD#, CDSUWR INACTIVE 

XD[0:7](RD) — -----•- 



XD[0=7)(WR)Z2ZZZZZZZ 



READ/WRITE " 
STROBES 



^a#,p D 2ZZZZZZZZ 



VGAMS# //////% 



I 



7ZL 



7Mim& 



T3 



—T11-H 



-T2- 



-T5- 



— T5-* 



T3- 



-T2- 



ACTIVE 



^T8,T9-H 



-T6- 



INACTIVE 



«-T6-*| 



>-- 



T4 '+- 



-T4- 



)<ZZZ 



T8J9 



72X11 



mm 



y///////////////////////// 



-T13.T19- 



XA[0:2,10:23] - 
LVGAMS#, LMI0# . 



y 777777 K 
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PWRUP# ////A 



290184-7 



CMD# 
ADL# 



-T18 



290184-8 



STATUS INPUTS 



XD[0:7J ' 
(PARALLEL STATUS PORT RD) . 



)( 








_?<■■ 




-T7-* 





NOTE: 

T7 is the flow through propagation delay, and thus assumes T5A, is not the limiting parameter. 



UCHANNEL ADDR 



7ZDQ 



STATUS 



ADL# 



CMD# 



i r 



CDEN# 



zzzzac 



I— TI7-H 
CDSU # I1:8l /////////y 



X ///////////////777777 



I 



I 



yzzmzzzMMzmzzzzz 
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APPENDIX 
82303 INTERNAL LOGIC DIAGRAMS 



These logic diagrams are provided to aid in understanding the basic functionality of the 82303, and should not 
be used to estimate signal loading, propagation delays, or any other timing behavior. 

The clocked latches in the diagrams are functionally equivalent to 7474 type TTL latches. The transparent 
latches are equivalent to 74373 type TTL latches except that the gate input is active low rather than active 
high. 



The truth table for the combinatorial PAL is as follows: 
RD 



p 






p 


P 


P 


p 






p 


P 


P 


S 1 






D 


c 


s 


E 


X 


X 


R 


R 


R 


L R 


A 


A 


D 


D 


D 


* * 





1 


# 


* 


# 














1 


1 








1 


1 





1 





1 





1 


1 














P 


P 
























s 


s 


s 








1 


1 


E 














L I 








1 


3 


P 


X 


X 


X 


R 


R 


R 


A 


A 


A 


D 


D 


S # 


2 


1 





# 


# 


1 








1 





1 


1 





1 


1 


1 






WR 



p 








P 


P 


p 








P 


P 


s 


I 






D 


c 


E 





X 


X 


W 


w 


L 


w 


A 


A 


R 


R 


# 


# 





1 


# 


# 

















1 











1 


1 

















p 

























s 


s 






' 




1 


E 













L 


I 








3 


P 





X 


X 


X 


W 





w 


A 


A 


A 


R 


S 


# 


2 


1 





# 


1 








1 


1 






4-516 



iny 



82303 



A[20:23] [>- 



MI0# O- 



VGAMS# O" 



A[10:19)C>- 



A[0:2]O- 



ADL#0" 



Address Latch 
Transparent Latch x 19 



LATCH 
D[16:19) 

Q[16:19] 
D15 Q15 



D14 Q14 



D[4:13] 

Q[4:13] 
D[1:3] , 

011:31 

. G # 



-OXAI20:23] 

-Olmio# 

-£>LVGAMS# 
-^XA[10:19J 
-O XA[0:2] 



290184-11 



XA0O 



Card Setup Port 




lAlAfAlA 



CPSU11 



-gram 



8 

c 

*0 
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PARALLEL PORT 



l0R#O- 

IOW#|^- 

XA[0:2JC>- 



P103RD#<} 
PPSEL#^ 



P103WR#O- 



P101RD#O- 



PPDWR#<3- 



pdC>- 



PPDRD# O- 



>o— CP- 



PAL 
103WR# 

XA[0:2] 
103RD#, ' 
101RD# ggj 
PPSEL# ,u ™ 
SELPOS cjjbm 

off CR °* 

DRD# SRD# 



D 



7152" 



753" 
753" 
75? 



COMBINATORIAL 



PPDREN#0- 
ENEXPPO- 



^ 



SLCTj>- 
r PEO- 



busyO- 



ERR0R#O- 



ACK#0- 



fro- 



CLOCKED LATCH x 2 



CLK 

D Q 

PRE# Q# 
CLR# 



ADL#0- 



CLK 
D Q 

PRE# Q# 
CLR# 



74174 
01 
D2 Q 



CLOCK Q6 
CLEAR# 



74240 
D3 

D2 03# 
D1 02# 
DO 01 # 
0E# O0# 



;=£ 



1G# 
1A1 
2Y4 
1A2 
2Y3 
1A3 
2Y2 
1A4 
2Y1 



2G# 
1Y1 
2A4 
1Y2 
2A3 
1Y3 
2A2 
1Y4 



H> 



* 



^ 



* 



XD3 



XD2 



"757 



XDO 



-<I- 



^1 



■O STROBE 

-Oautofc 

-OSTR0BE# 
-O AUT0FC# 
■O SLCTIN 
-O SLCTIN# 



-OlNIT 
■<3 INIT# 
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82304 
LOCAL I/O SUPPORT CHIP 



High-Integration— -The 82304, 82303 and 
82077 Floppy Disk Controller Replace 
50 IC's in IBM Design 

Supports I/O Peripherals . . . Keyboard/ 
Mouse Controller, Serial/Parallel Ports, 
Configuration RAM, and Real Time 
Clock 

Integrates Two 8259 PIC's and All 
Associated Logic 



Integrates Programmable Timer 
Counters 0, 2 and 3 

Supports VGA Controller on the Local 
Channel 

Integrates the OS/2 Optimized HOT 
A20 and HOT RESET Functions 

Integrates Variety of System Status/ 
Control Ports and Functions 

Low Power CHMOS Technology/ 132- 
Pin PQFP Package 



The 82304 Local Channel Support Chip, along with its companion chip (the 82303) and the 82077 Floppy Disk 
Controller, significantly reduce system cost, design effort, and form factor constraints by replacing 50 IC 
devices in an equivalent IBM system. 

The 82304 integrates logic to support local bus I/O peripherals and the VGA Controller. Also integrated are 
three programmable timer/counters, two "8259-like" programmable interrupt controllers, and a variety of 
system status/control ports and functions. Integrated along with the 8259 PIC's is all logic required to make 
the PIC's MicroChannel architecture compatible. 
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INTRODUCTION 

The 82304 is a high integration device intended for 
MicroChannel compatible system designs. It essen- 
tially integrates the 82306 Local Channel Support 
chip, two 8259 Programmable Interrupt Controllers, 
and a wide assortment of TTL circuitry. The 82304, 
in conjunction with its sister chip the 82303 and the 
82077 Floppy Disk Controller, replaces approxi- 
mately 50 IC devices in an equivalent IBM system. 
Included as an appendix to this data sheet is a func- 
tional logic diagram of the 82304 that should facili- 
tate understanding of the part. Note that the 82304, 
82303 and 82077 integrate a variety of system ports. 
For programming and register level details, please 
refer to the IBM Technical Reference Manual, 82077 
data sheet, and 8259A data sheet. 



BUS INTERFACE AND CONTROL 

The Bus Interface and Control unit interfaces the 
82304 to the MicroChannel and peripheral busses. It 
inputs the unlatched MicroChannel address, latches 
it for internal use, and makes the latched version 
available externally for other peripheral bus resourc- 
es. It also provides signals to control an external 
74F543 latching data transceiver that sits between 
the MicroChannel and peripheral data busses. The 
bus interface unit also provides functions such as 
cycle extension on behalf of slower peripherals, and 
support of the MicroChannel architecture's system 
feedback function. 



SYSTEM TIMERS 

The 82304 integrates the timers required for multi- 
task time slice interrupt (timer 0), audio tone genera- 
tion (timer 2), and "watch-dog" function (timer 3). 
These timers are accessed via ports 40, 42, 43, 44, 
and 47H. 



FLOPPY DISK SUPPORT 

The 82304 provides the decode signal required by 
the 82077 Floppy Disk Controller. The decode ad- 
dresses ports 3F0-3F7H. The 82304 also inputs the 
82077's DMA acknowledge in support of the system 
feedback function. 



94H is usee) to put the VGA into setup mode, and 
this mode is reflected to the VGA on the 82304's 
VGASU# pin. Also, the 82304 integrates bit Q of 
port 3C3H, which is used to enable/disable the sys- 
tem board VGA subsystem as indicated by the 
82304's VGAEN output. 



CARD SETUP PORT SUPPORT 

The 82304 provides decoded read/write strobes for 
ports 96-97H. Port 96H is the card setup port, which 
is integrated on the 82303 chip. Port 97H is currently 
reserved by IBM. 



INTERRUPT CONTROL 

The 82304 integrates two 8259 Programmable Inter- 
rupt Controllers, and all additional logic required to 
make these interrupt controllers MicroChannel archi- 
tecture compatible. Specifically, the MicroChannel 
definition requires that interrupts be active low and 
level sensitive. This allows a wire-OR system imple- 
mentation. Integrated logic includes inverters for in- 
coming interrupts, as the 8259 treats level sensitive 
interrupts as active high. Additionally, logic to inhibit 
the 8259's from being programmed in edge-trig- 
gered mode is integrated. 



REAL TIME CLOCK AND 
CONFIGURATION RAM SUPPORT 

The 82304 integrates all logic required to support an 
external battery backed up real time clock chip and 
static RAM. Note that while the IBM implementation 
supports a 2K RAM, the 82304 makes provision to 
support either a 2K or 8K RAM. The real time clock 
is accessed via ports 70-71 H, while the RAM is ac- 
cessed via ports 74-76H. (RAM data is accessed 
via port 76H, while ports 74H and 75H serve as an 
indirect address latch for the RAM.) The 82304 also 
integrates the logic required to enforce the Micro- 
channel architecture's password security function. 
Specifically, writes to port 70H are monitored. If a 
write to 70H is attempting to access offsets 38-3FH 
in the real time clock chip's onboard RAM, and if the 
security bit in 92H indicates that these offsets are off 
limits, then no address latch signal is generated to 
the real time clock chip. 



VGA SUPPORT 

The 82304 supports the VGA setup and enable/dis- 
able functions. Specifically, bit 5 of integrated port 



SERIAL AND PARALLEL PORT 
SUPPORT 

The 82304 provides various functions in support of 
an external serial port chip (the 16550A), and a par- 
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ailel port (integrated on the 82303 chip). The 82304 
provides decoded read/writes strobes for the serial 
port chip, as well as converting a serial port interrupt 
into either IRQ3# or IRQ4#, depending on whether 
the serial port is configured as COMM1 or COMM2. 
When configured as COMM1, the serial port is de- 
coded at ports 3F8-3FFH. As COMM2, the port is 
decoded from 2F8-2FFH. Configuration is done via 
the integrated system setup port 102H. 

The 82304 generates a parallel port chip select that 
maps to LPT1, LPT2, or LPT3, depending on how 
system setup port 102H is programmed. As LPT1, 
the parallel port is decoded at ports 3BC, 3BD, 3BE, 
and 3BFH. LPT2 maps to ports 378, 379, 37A, and 
37BH. LPT3 maps to 278, 279, 27A, and 27BH. The 
82304 also generates a signal that indicates wheth- 
er the parallel port is to operate in its normal output- 
only mode, or its "extended" bi-directional mode. 
The mode is selected via system setup port 1 02H. 



NUMERIC COPROCESSOR SUPPORT 

The 82307 DMA Controller, in response to a soft- 
ware command, issues a pulse to reset the 80387 or 
80387SX Numeric Coprocessor. The 82304 inputs 
this pulse and effectively stretches it out to insure 
that the 80387 reset input pulse is long enough to 
meet its internal reset requirements. (Note that the 
80387 reset pulse out of the 82304 must be exter- 
nally synchronized to the 80387 clock so as to con- 
vey the system phase to the 80387.) The 82304 also 



manipulates CHRDY to extend the bus cycle that 
initiates the reset so as to tie up the CPU until the 
80387's reset and initialization requirements are 
met. 



KEYBOARD AND MOUSE SUPPORT 

The 82304 provides a chip select for the 8742 Key- 
board Controller. This decode maps to ports 60 and 
64H. The 82304 also integrates the logic required to 
both latch and subsequently clear keyboard and 
mouse interrupts. 



SYSTEM STATUS AND CONTROL 
FUNCTIONS 

The 82304 integrates a variety of system status and 
control functions and ports. Integrated ports include: 

Port 61 H System Control Port B 

Port 92H System Control Port A 

Port 91 H Card Selected Feedback Register 

Port 94H System Board Setup Port 

Port 1 02H System Board POS Port 

Port 70H NMI Enable (Write Only) 

The functions and register level details of these 
ports are documented in the IBM Technical Refer- 
ence. 



82304 LOCAL CHANNEL SUPPORT CHIP PIN DEFINITIONS 



Symbol 


Pin 
No. 


Type 


Description 


SCLK 


50 


I 


INPUT CLOCK: Tied to same clock as host CPU. 


RESET 


64 


I 


SYNCHRONIZED POWER-UP RESET: Resets 82304 and 
synchronizes internal clock to system phase. 


A[0:9] 


85-81, 
78-74 


I 


MICROCHANNEL ADDRESS: Address Lines are internally 
latched. 


XA[3:9] 


73-67 


O 


PERIPHERAL BUS ADDRESS: These are latched versions of 
the MicroChannel address. 


CMD# 


97 


I 


MICROCHANNEL CMD# INPUT 


ADL# 


100 


I 


MICROCHANNEL ADL# INPUT 


S1 # 


1 


I 


MICROCHANNEL S1# INPUT 


IOR#,IOW# 


96, 95 


I 


82304 READ AND WRITE STROBES 


XD[0:7] 


94-90, 
88-86 


I/O 


BI-DIRECTIONAL DATA BUS 


LS1# 


131 





LATCHED VERSION QF MICROCHANNEL S1 # INPUT 


LEBA#, 
OEBA# 


130, 
129 


o 


EXTERNAL 74543 DATA BUFFER CONTROL SIGNALS: 

These signals control data timing on the peripheral data bus. 


LBEN# 


52 





LOCAL (PERIPHERAL) BUS ENABLE; The 82304 generates 
this in response to address decodes of peripheral bus ports. It 
is typically "OR"ed with other system qualifiers to enable the 
peripheral bus data buffer. 
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82304 LOCA 


L CHANNELS 


UPPORTCHIP PIN DEFINITIONS (Continued) 


Signal 
Name 


Pin 
No. 


I/O 


Description 


FBRTN 


41 


I 


SYSTEM FEEDBACK: This input receives the OR of the system 
feedback signals of the MicroChannel slots. It is internally latched 
and "OR"ed with other feedback sources, and the result made 
available via a Port 91 H read (Bit 0). 


VGAFB* 


42 


I 


VGA FEEDBACK. 


LCCS# 


37 


I 


LOCAL CHANNEL CHIP SELECT: Activated for the I/O address 
range 0-3FFH (GPU or DMA master) or 100-3FFH (MicroChannel 
Master). LCCS# is internally latched. 


CHRDY 


5 





CHANNEL READY: The 82304 deasserts CHRDY to extend 
accesses to certain peripheral bus resources, specifically the 
keyboard controller, real time clock and serial port. Also, CHRDY is 
used to tie up the CPU during numeric coprocessor resets. 


TMRCLK 


45 


I 


1.193 MHz CLOCK INPUT: Drives clock inputs of system timers 
and 2. 


AUDIO 


128 





OUTPUT OF SYSTEM TIMER 2 GATED BY BIT 1 OF PORT 61H: It 

drives the MicroChannel audio sum node. 


FCS# 


46 





FLOPPY DISK CONTROLLER (82077) CHIP SELECT: Responds 
to I/O range 3F0-3F7H. 


FDACK# 


49 


I 


FLOPPY DISK CONTROL DMA ACKNOWLEDGE: Internally 

latched arid "OR"ed with other system feedback sources. 


VGASU# 


44 





VGA SETUP: Puts the VGA into setup mode when active, according 
to Bit 5 of Port 94H. 


VGAEN 


43 





VGA ENABLE: Enables/Disables motherboard VGA according to 
Bit Oof Port 3C3H. 


CDSUWR 


126 





CARD SETUP WRITE STROBE: Active High command generated 
during writes to Port 96-97H. 


CDSURD# 


125 


o 


CARD SETUP READ STROBE: Active low command generated 
during reads from Port 96-97H. 


DSKSTAT 


127 


o 


FIXED DISK STATUS: Controls the fixed disk activity light. It is 
active when either Bit 6 or Bit 7 of Port 92H is set. 


RFRSH# 


51 


I . 


REFRESH CYCLE INDICATOR: Diagnostics can monitor refresh 
activity via Bit 4 of Port 61 H. 


CHCK# 


54 


I 


MICROCHANNEL CHECK INDICATOR: Used to report adapter 
errors. 


PCHCK# 


55 


I 


DRAM PARITY ERROR: Driven in response to motherboard 
memory parity errors. 


NMI# 


53 





NON-MASKABLE INTERRUPT REQUEST TO CPU: This acts as 
an open drain output that allows for an external wire "OR" with other 
NMI sources. 


KYBDA20 


60 


I 


A20 GATE SIGNAL OUT OF THE KEYBOARD CONTROLLER: 

Internally "OR"ed with the alternate A20 switch incorporated in pit 1 
ofPort92H. 


KYBDRC# 


58 


I 


CPU RESET SIGNAL OUT OF THE KEYBOARD CONTROLLER: It 

is internally "OR"ed with the alternate reset function of Bit of Port 
92H. 


RC# 


59 





RESET CPU: Resets CPU via Port 92H (Bit 0) or the KYBDRC# 
input 


A20GATE 


57 





A20 GATE SIGNAL: The "OR" of Bit 1 of Port 92H and the 
KYBDA20 input. 
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82304 LOCAL CHANNEL ! 


5UPP< 


3RT CHIP PIN DEFINITIONS (Continued) 


Signal 
Name 


Pin 
No. 


I/O 


Description 


PD 


61 





POS DECODE: An active high decode of system board setup 
ports 100, 101, 103-107H. (Port 102H is integrated on the 
82304.) 


PICCS# 


101 




CHIP SELECT FOR THE INTEGRATED 8259 
PROGRAMMABLE INTERRUPT CONTROLLERS (PIC) 


INTA# 


56 




INTERRUPT ACKNOWLEDGE: Generated by the bus 

controller during interrupt acknowledge cycles. 


IRQM# 
[3:7,9:12,14:15] 


102-110, 
112-113 




MICROCHANNEL INTERRUPT INPUTS. 


IRQ13 


111 




INTERRUPT INPUT USED TO REPORT NUMERIC 
COPROCESSOR ERRORS. 


RTCINT# 


114 




INTERRUPT INPUT FROM REAL TIME CLOCK. 


INTR 


115 





MASKABLE INTERRUPT REQUEST TO CPU. 


RAMD[0:7] 


22-25, 
28-31 


I/O 


REAL TIME CLOCK AND CONFIGURATION RAM DATA 
BUS. 


RAMRD#, 
RAMWR# 


32,33 





READ/WRITE STROBES TO CONFIGURATION RAM: 

Generated during accesses to Port 76H. 


RAMA[0:12] 


6-11, 
14-20 





CONFIGURATION RAM ADDRESS BUS: Internal RAM 
address latches are written to via Ports 74-75H. 


RTCALE 


38 





REAL TIME CLOCK ADDRESS LATCH ENABLE. 


RTCRD#, 
RTCWR# 


39, 40 





REAL TIME CLOCK READ/WRITE STROBES. 


PPSEL# 


123 





PARALLEL PORT CHIP SELECT: Maps to LPT1, LPT2, or 
LPT3 as controlled by Bits 5 and 6 of system board setup Port 
102H. 


ENEXPP 


124 





PARALLEL PORT EXTENDED MODE ENABLE: This mode is 
controlled via bit 7 of system board setup Port 102H. 


SPINEN# 


63 


I 


SERIAL PORT INTERRUPT ENABLE. 


SPIN 


62 


I 


SERIAL PORT INTERRUPT. 


!RQ3#, 
IRQ4# 


119,118 





SERIAL PORT INTERRUPT: Configured to either COMM1 
(IRQ4#) or COMM2 (IRQ3#). Selection is done via Bit 3 of 
system board setup Port 1 02H. 


DOSTR#, 
DISTR# 


122,121 





WRITE/READ STROBES FOR SERIAL PORT. 


NPCLK 


3 


I 


CLOCK FOR NUMERIC PROCESSOR RESET PULSE 
STRETCHER. 


NPRST 


2 


I 


NUMERIC PROCESSOR RESET REQUEST INPUT 


NPCNT 


4 





NUMERIC PROCESSOR COUNT: Numeric processor reset 
signal typically synchronized externally and fed to 80387 or 
80387SX, 


KYBD 


36 


I 


INTERRUPT REQUEST INPUT FROM KEYBOARD 
CONTROLLER: It is internally latched, and then subsequently 
cleared by a keyboard controller read. 
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82304 LOCAL CHANNEL SUPPORT CHIP PIN DEFINITIONS (Continued) 



Signal 
Name 


Pin 
No. 


I/O 


Description 


MOUSE 


34 


■• ;!; .■■ 


INTERRUPT REQUEST INPUT FROM KEYBOARD 
CONTROLLER'S MOUSE PORT: It is internally latched and 
subsequently cleared by a keyboard controller read. 


KYBDCS# 


120 





KEYBOARD CONTROLLER CHIP SELECT. 


IRQ12 


■ 35 


o 


LATCHED VERSION OF MOUSE INPUT INTERRUPT 
REQUEST. 


v DD 


12,21,26,47, 
79,98,116 




POWER. 


v S s 


13,27,48,80, 
89,99,117 




GROUND. 


NC 


65,132 




NO CONNECT. 


RSVD 


66 




RESERVED. 



82304 132-Pin PQFP PinOut 






S3g 



=>3 X 

oo S 










NOTES: 

1 . N.C. pins must be left not connected. 

2. This pin is reserved . . . must be tied to ground in system. 
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82304 Parametrics 
Absolute Maximum Ratings* 

Case Temperature Under Bias — -40°C to + 85°C 
Storage Temperature -65°C to + 150°C 

Voltage to any Pin with 

Respect to Ground - 0.3V to + (V<x + 0.3)V 

DC Supply Voltage (V C c) -0.3V to + 7.0V 

DC Input Current ± 10 mA 



""Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. Electrical Characteristics t c = o°cto +70°c, v C c = 5V ±10% 




Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




V|L 


Input Low Voltage 




0.8 


V 


SCLK 


V| H 


Input High Voltage 


Vcc-0.8 




V 


SCLK 


Vol 


Output Low Voltage 




0.4 


V 


Iol = 4mA(Note1) 


V H 


Output High Voltage 


2.4 




V 


Iqh = 4mA(Note1) 


Vol 


Output Low Voltage 




0.4 


V 


Iol = 2 mA (Note 2) 


V H 


Output High Voltage 


2.4 




V 


Ioh = 2 mA (Note 2) 


•cc 


Power Supply Current 




180 


mA 


No DC Loads 


Ili 


Input Leakage Current 




±10 


julA 


Vss < V| N < V CC 


»oz 


TRI-STATE Output Leakage Current 




+ 10 


/xA 


Vss < Vqut < Vcc 



NOTES: 

1. DSKSTAT, XA[3:9], XD[0:7]. 

2. All outputs other than those listed in Note 1 , 



82304 A.C. Electrical Specifications t c = o°cto +70°c, v cc 


= 5V±10% 






Symbol 


Parameter 


KIT-16 


KIT-20 


KIT-25 


(PF) 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


Ti 


SCLK Period 


31.25 




25 




20 








T2A 


SCLK High/Low Time 


12 




10 




8 








T2B 


SCLK High/Low Time 


8 




6.5 




6 








T 3 


Reset Setup 


10 




10 




10 








T 4 


Reset Hold 


3 




3 




3 








T 5 


Reset Pulse Width 


500 




500 




500 








T 6 


RC# Pulse Width 


75 


150 


75 


150 


75 


150 


50 




T 7 


TMRCLK High/Low Time 


300 




300 




300 








T 8 


PICCS#, FDACK# Setup 


30 




30 




30 








T 9 


PICCS#, FDACK# Hold 





















T10 


IOR#,IOW#,INTA# 
Pulse Width 


170 




170 




170 
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82304 A.C. Electrical Specifications T c = o°cto + 70°c, v C c = 5V ±10% (Continued) 


Symbol 


Parameter 


KlT-16 


KIT-20 


KIT-25 


(PF) 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


T11 


Write Data Setup 


25 




25 




25 








T12 


Write Data Hold 


10 




10 




10 








T13 


Read Data Valid Delay 





90 





90 





90 


100 




T14 


Read Data Float Delay 

















100 




T15 


RAMD[0:7] toXD[0:7] Delay 




36 




36 




36 


100 




T17 


CHRDY Delay 





80 





80 





80 


25 




T18 


CHRDY Inactive Pulse Width 


280 




280 




230 




25 


5 


T19 


Address Decode Delays from 
ADL# J, 





62 





62 





62 


50 


1 


T 20A 


Write Strobe Delays from 
IOW# i 





40 





40 





40 


50 


2 


T20B 


CDSUWR, DOSTR# Delays 
fromlOW#t 





35 





35 





35 


50 




T 20C 


RTCWR#, RAMWR# Delay 
fromCMD#t 





33 





33 





33 


50 




T21 


Read Strobe Delays 





40 





40 





40 


50 


6 


T 2 2 


RTCALE Min Pulse Width 


120 




120 




110 




50 


3 


T 23 


XA[3:9] Delay from ADL# I 




35 




35 




35 


100 


5 


T 24 


S1 #, LCCS#, A[0:9] Setup 
toADL#f 


30 




30 




30 








T 2 5 


FBRTN Setup to CMD#i 


15 




15 




15 








T 26 


VGAFB# Setup to CMD# t 


15 




15 




15 








T 2 7 


LEBA# Delay from CMD# 




26 




26 




26 


25 




T 28 


OEBA# Delay from CMD# 1 




30 




30 




30 


25 




T 30 


CHRDY I Delay 




38 




38 




38 


25 


4 


T 3 1 
T32 


NPCNTt Delay 
CHRDY t Delay 


128NPCLKS 
192NPCLKS 


128NPCLKS 
192NPCLKS 


128NPCLKS 
192NPCLKS 


50 
25 


5 
5 


T 33 


NPCLK High/Low Time 


12 




12 




12 








T34 


LS1# Delay from ADL# 4 




35 




35 




35 


50 





NOTES: 

1. Address decodes include FCS#, PPSEL#, KYBDCS#, PD and LBEN#. 

2. Write strobes include RTCWR#, COSUWR#, DOSTR#, and RAM WR#. 

3. Read strobes include RTCRD#, CDSURD#, DISTR# and RAMRD#. 

4. From later or NPRST f or CMD# I . 

5. Functional Specification ... Not tested. 

6. CMD# t causes RTCWR#t and R AM WR # t, while IOW# t causes RAMD[0:7] to float. The 82304 insures that 
CMD#-to-RAMWR#/RTCWR# is at least 5 ns faster than IOW# to RAMD[0:7] float, assuming loading on RAMD[0:7] is 
greater than or equal to loading on RAMWR# or RTCWR#. This provides a minimum of 5 ns data hold time for the real 
time clock and SRAM, assuming CMD# and IOW# reach the 82304 at the same instant. Typically, more than 5 ns is 
provided, since IOW# is generated from, and thus delayed from CMD#. 

7. Specification applies to software reset generated via port 92H. 
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82304 DRIVE LEVELS/MEASUREMENT POINTS FOR A.C. SPECIFICATIONS 



mm 



MIN INPUT SETUP TO SCLK 



PULSE 
WIDTH 

%*? i. 5 y)K 



INPUT TO 
OUTPUT 



M 



3V 
V 



p EZX 



•3V 
-0V 



MIN INPUT HOLD FROM SCLK 



xz 



290185-4 



290185-3 



XE 



Input/Output Pulse Widths, 
Input Clock (Other than SCLK) 
HIGH/LOW Times 



^ 



ma 



3V 
0V 



Input Setup and Hold to 
another Input (Other than SCLK) 



v cC 



2.0 V> 



<jnj~u^ji_TLn_r 

-" — Hid- 



290185-7 



290185-8 



NPRST ( 


F~1 


r- T32 -I 




7 


— -T31 *i 




CMD# I 


A 


! 


\ ' ; ( 


NPCNT i 


N_ 


I 


D 


CHRDY \ 


1 1 


_J^ 


', ;— T30-* 
;*-T30— ** 







290185-9 



NOTE: 

Input Waveforms have Tr <, 2.0 ns from 0.8V to 2.0V. 
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UCHANNELADDR // /7/j^ 


WM 


■■■■■• 


mx 




■ - m//mmm 














I 




STATUS | 


\ 


1 






1 




. - ; 








... . 


\ 


ADL# | 


I 










i i 


1 






! 




- cmd# ; 


I 


1 














l_ 


1 




1 1 


IOR#,IOW#,INTA# i 


; 'f — T8 — 


i 1 
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APPENDIX 
82304 Internal Logic Diagrams 

These logic diagrams are provided to aid in understanding the basic functionality of the 82304, and should not 
be used to estimate signal loading, propagation delays, or any other timing behavior. 

The clocked latches in the diagrams are functionally equivalent to 7474 type TTL latches. The transparent 
latches are equivalent to 74373 type TTL latches except that the gate input is active low rather than active 
high. The signals marked with asterisks (*) are not actually available external to the 82304, but simply serve as 
page-to-page references. Note however, that the XA[0:9] internal address bus is not marked with an asterisk. 
Only XA[3:9] are available externally, while XA[0:2] are not. 

The truth table for the combinatorial PAL is as follows: 
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82306 
LOCAL CHANNEL SUPPORT CHIP 



Integrated Programmable Timer/ 
Counters (0, 2, 3) 

Integrates System Registers and Ports 

Low Power CHMOS Technology 

100-Pin Plastic Quad Flat Pack 
Packaging 

(See Packaging Guide Order # 231369) 



■ Supports I/O Peripherals on the Local 
Channel 

■ Supports VGA Controller on the VGA 
Graphics Channel 

■ Floppy Disk Sub-System Support 

— 8272A Interface for IBM Micro 
Channel Compatible 3 1 / 2 " Drives 
(Dual Speed Drives -250/500 Kbps) 

— 82072 Interface for IBM Micro 
Channel Compatible 3%" Drives 
(250/500 Kbps) and AT Compatible 
5 1 / 4 " Drive 

(250/300/500 Kbps) 

The 82306 Local Channel Support chip is the register level implementation of the equivalent VLSI device in the 
IBM Micro Channel systems. It provides FDC interface to support IBM compatible 3 1 / 2 " disk drives when used 
with 8272A FDA and 3 1 / 2 " & 5 1 / 4 " (AT Compatible) disk drives when used with the 82072 FDC. 

The 82306 also has integrated I/O ports and registers for miscellaneous system board functions, Integrated 
Address decoder for generaing chip selects for the I/O devices on the Local Channel and 8254 like program- 
mable timers (0, 2, 3) to support speaker tone generation, watch-dog timer and periodic interrupts. 
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FLOPPY DISK CONTROLLER 
INTERFACE 

The Floppy Disk Controller (FDC) function of the 
82306 Local Channel Support chip has two FDC in- 
terfaces: 8272A FDC interface as used in IBM Micro 
Channel systems Model 50/60 and 80, and 82072 
FDC interface for value-added performance and 
compatibility. 

The 82306 Local Channel Support chip integrates 
glue logic required to support the 8272A and the 
82072 Floppy Disk Controllers. The FDC interface 
includes the pre-compensation logic, digital portion 
of the read data separator logic, and status registers 
(03F1H, 03F2H, 03 F7 ports). The integrated pre- 
scaler supports 250 Kbits/sec and 500 Kbits/sec as 
required in the IBM Micro Channel compatible sys- 
tem. With the 8?072 FDC, however, an additional 
300 Kbits/sec data stream is supported for interfac- 
ing to a standard AT 5 1 / 4 " drive. 

The Floppy Disk subsystem support includes gener- 
ation of the chip select for the FDC when ports 
03F4H or 03F5H are referenced. The Floppy status 
register (Read only) is implemented externally on 
the motherboard. To read this register, the 82306 
generates the decoded read signal for address 
03F0H. 

The clock for 8272A is generated by the 82306 Lo- 
cal Channel Support chip, from an external 16 MHz 
frequency source. The 82072 utilizes its own fixed 
clock source of 24 MHz. 

LOCAL CHANNEL ADDRESS 
DECODER 

The 82306 Local Channel Support provides the Ad- 
dress decoding for the following devices and ad- 
dresses. 

• 8742 Keyboard Interface Chip 

• Serial Port 

• Parallel Port 

• Ports 096H and 097H 

• Real-Time Clock (Read, Write and Address Latch 
Enable) 

SYSTEM TIMERS 0, 2, 3 

The timers used for periodic interrupt (timer 0), tone 
generation for audio (timer 2) and watch-dog func- 
tion (timer 3) are integrated on the 82306 Local 
Channel Support chip. Timer and 2 are identical in 
their functionality as the timers in IBM PC/AT, XT 
and PC systems. The watch-dog timer 3 provides 
error detection capability and via BIOS, the watch- 
dog function can be enabled and disabled. 



These timers can be programmed via ports 40, 42, 
43, 44 and 47. 

INTEGRATED SYSTEM REGISTER 
AND PORTS 

The 82306 Local Channel Support chip has the fol- 
lowing registers and ports integrated on the chip: 

• System Control Port A & B (092H and 061 H) 

• Card Selected Feedback Register (091 H) 

• System Board POS Port (102H) 

• Port 070H (Write Only) 

• System Board Set Up (094H) 

The POS register space as defined in the Micro 
Channel architecture is 100H to 107H. The 82306 
integrates 102H on chip and generates PD signal 
during set-up mode for external implementation of 
POS ports 100, 101 and 103-107H. POS port 102H 
is programmed during set-up to enable serial, paral- 
lel port and the Floppy Disk Controller. 

VGA ENABLE PORT 3C3H 

When bit of port 3C3H is programmed as 1 , the 
VGA sub-system is enabled. The chip enable 
VGAEN is deactivated when a zero is written to the 
bit. On power up or reset, the VGA sub-system is 
enabled. 



I/O DEVICE MAP 

The following table lists the ports and registers inte- 
grated on the 82306 Local Channel Support chip. 



I/O Register 


Function 


Address 




03F1H 


Floppy Status Register B 


03F2H 


Floppy Digital Output Register 


03F7H 


Digital Input/Config. Register 


061 H 


System Control Port B 


092H 


System Control Port A 


091 H 


Card Selected Feedback Register 


102H 


System Board POS Port 


070H 


NMI Enable (Write Only) 


094H 


System Board Set-Up 


3C3H 


VGA Enable Port 


40H,42H,43H, 


System Timer Ports 


44H, 47H 





For programming and register level details, please 
refer to IBM technical reference manual. 
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82306 Local Channel Support Chip Pin Definitions 


Signal 
Name 


Pin 
Number 


I/O 


Description 


A<0:9> 


98-89 


I 


Address inputs. 


D<0:7> 


86-79 


B 


Bi-directional data bus. 


CS# 


78 


I 


Device chip select. 


RD#,WR# 


70,69 


I 


I/O read and write command inputs. 


REFRESH # 


67 


I 


Refresh request generated by the DMA Controller. 


RESET 


5 


■ r >.■ 


System power-up reset. 


CHRDY 


6 





Channel Ready signal. Driven low (not ready) by the Local Channel 
Support to extend accesses to its internal ports and to other local 
I/O bus devices that require a longer cycle time. 


CDFDBK# 


7 


i 


Latched card feedback signal. 


TMRCLK 


9 


i 


1.193 MHz clock input generated by the Address Bus Controller. It 
drives the clock inputs of system timers and 2. 


SPKR 


10 


Q 


Output of system timer 2 gated by bit 1 of Port 61 H. It drives the 
Micro Channel audio sum node. 


CLK1.CLK2 


72,3 


I 


Clock inputs. 


FCLK1,FCLK2 


71,4 


I 


1 6 MHz (tied high for 82072 interface), clock inputs for 8272A 
interface. 


VSU# 


23 





VGA Setup. It puts the VGA into set-up mode when low. 


VGAEN 


8 





VGA chip enable. (Active High) A low level disables the VGA 
subsystem. 


ENEXPP 


22 





Parallel port "extended mode" enable. When high, the parallel port 
can function bi-directionally. When low, the port is in "compatible 
mode" i.e., write only. 


SPCS# 


31 





Serial port chip select. Can be mapped to COMM1 or COMM2. 


INTSEL 


32 





Selects either IRQ3# (COMM2) or IRQ4# (COMM1) to serve as 
the interrupt request for the serial port. 


STATUS 


33 





Floppy Disk Active Status 


RTCWR# 
RTCRD# 
RTCALE 


34 
36 
35 





Write, Read and Address latch enable signal to the real time clock 
chip. 


FSRD# 


37 





Read command for the Read-only floppy status port 3F0H. 


WRCDSU 


40 





Write CD Setup Register. Active high write command generated on 
writes to port 96H (adapter enable setup register). 


RDCDSU# 


49 





Read CD setup register. Active low signal reads port 96H. 


LBEN# 


42 





Local Bus Engage. It is "OR"ed with the LBEN# output of the 
DMA/CACP to become one of the qualifiers that enable the data 
buffer between Micro Channel Bus and motherboard I/O bus. The 
LCS enable this buffer for accesses to the local I/O bus. 


KYBDCS# 


43 





8742 keyboard controller chip select. 


ALTRESET 


44 





Processor reset under software control. Except for a shorter reset 
pulse width, it is identical in function to the reset generated under 
software control by the 8742. (Optimized for switching between 
Real-mode and Protected-mode tasks.) 



4-536 



inleT 



82306 



ADWANQE DMF@KIMlA¥0®fNl 



82306 Local Channel Support Chip Pin Definitions (Continued) 


Signal 
Name 


Pin 
Number 


I/O 


Description 


ALTA20 


45 





Alternate A20 bit-Controls address bit A20 in a manner similar to 
the way it is controlled by the 8742. (Optimized for switching 
between Real-mode and Protected-mode tasks). 


PD 


46 





POS Decode output. When the system board is in setup mode, this 
output acts as an (active high) chip select for system board POS 
ports 1 00H, 1 01 H, and 1 03H through 1 07H. (POS port 1 02H is 
integrated on the Local Channel Support.) 


INTA# 


47 


I 


Interrupt acknowledge generated by the Bus controller. 


PPSEL# 


48 





Parallel port chip select. Can be programmed to map the parallel 
porttoLPT1,LPT2,orLPT3. 


PCHCK# 


54 


I 


DRAM Parity Error. It is driven by the Bus Controller upon 
detection of a motherboard DRAM parity error. 


IRQO 


66 





System Timer timeout Interrupt Request. 


NMI# 


68 





NMI request to the CPU. This is an open drain output that allows 
for an external wire "OR" with other NMI sources. 


CHCK# 


77 


I 


Micro Channel channel check indicator, for reporting adapter 
errors. 


FPSO, FPS1 


13,62 


I 


Low and high order pre-compensation select bits. They are driven 
by the 8272A floppy disk controller. (Note that the pre- 
compensation logic is integrated on the Local Channel Support). 
Tied to GND when using 82072. 


FWE 


14 


I 


Write Enable for floppy. Generated by the FDC to enable the write 
data stream to disk. 


FWDATA 


15 


I 


FDC output write data stream. It goes through the LCS integrated 
pre-compensation logic, and then is fed to the drive over the LCS 
WRDATA# output. In 82072, the FWDATA is inverted and fed into 
the drive controller. 


FWDATA# 


58 





Pre-compensated write data stream to disk for 8272. For 82072 it 
is simply an inverted output of FWDATA 


FRDATA# 


61 


I 


Read data stream from disk. 


FRDATA 


19 





Buffered read data output to the FDC. No connect for 82072. 


FDSA, FDSB 


28,29 





Drive select/motor enable outputs. 


DENSEL 


18 





Density Select. 


FCS# 


20 





Device select for the FDC. 


FDACK# 


41 


I 


DMA acknowledge to the FDC from the DMA/CACP. 


FCLKO 


30 





8272A clock. It is 8 MHz for high density, or 4 MHz for low density. 
Not required for 82072. 


FWRCLK 


55 





8272A write clock input. It oscillates at twice the data rate; i.e., 1 
MHz for a rate of 500 Kbits/sec and 500 KHz for a rate of 250 
Kbits/sec. No connect for 82072. 


FRESET 


56 





FDC Reset. 


DSKCHG# 


60 


I 


Disk changed signal. 


VCOI 


12 


I 


Buffered output of the 4024 voltage controlled oscillator. 
Grounded for 82072. 



4-537 



82306 



AflWABOOS MF@mSMS$W$ 



82306 Local Channel Support Chip Pin Definitions (Continued) 


Signal 
Name 


Pin 
Number 


I/O 


Description 


PLLVAR 


17 





Divided down version of VGOI. It is fed back and used for phase 
comparison against the PLLREF output. No connect for 82072. 


PLLREF 


59 





Phase Lock Loop Reference Clock. No connect for 82072. 


FVCO 


63 


I 


Valid Read Data Stream Indicator. It is driven by the 8272A, and 
defines a valid read data stream. Grounded for 82072. 


FDW 


21 





Data window input of 8272A. It defines the valid sample points in 
the read data stream. No connect for 82072. 


OA0 


99 





Output A0 signal for use by the 82072 disk controller. No connect 
for 8272A. 


UADL# 


26 


I 


Micro Channel Address decode latch. An Active low signal used to 
latch US1 # on the trailing edge for support of the OA0 signal. 
Grounded for 8272A. 


US1# 


27 


I 


Micro Channel status bit 1 . Used to distinguish a write operation 
from a read operation for support of the OA0 signal. Grounded for 
8272A. 


PU 


11,57,65 


I 


Pull Up 


Vdd 


16,39, 
64,87 




Power 


v S s 


2,24,38, 
53, 73, 88 




Ground 


NC 


1,25,50, 
51,52,74, 
75,76,100 




No Connect 
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82306 Local Channel Support Chip 



O v% Q ^O 

O<O*-CMK)"*lO<O|v00O» </> QO *-NK)^m<ON </) X < 
ZO<<<<<<<<<<>> QQOQQQQQOC- 
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CHRDY < 
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VGAEN 4 

TMRCLK < 

SPKR < 

(TIE HIGH) PU < 
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FWE< 
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v DD , 
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FDW< 

ENEXPP < 

VSU# < 

V SS < 

NC< 



TOP VIEW 





9 a- ^ d 5 z 



53" 



NOTES: 

PU = Pull-Up 

NC = No Connect 

—Pull-Up Resistor Value = 2K to 10K 

— No more than three nodes to a single pull-up resistor. 
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82306 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS" 

Case Temperature under Bias . . . . -40°Cto +85°C 
Storage Temperature -65*0 to + 150°C 

Voltage to Any Pin with 

Respect to Ground - 0.3V to (Vcc + 0.3)V 

DC Supply Voltage (V c c) -0.3V to + 7.0V 

DC Input Current .;.....'.. ± 10 mA 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS 

T c = 0°C to +70°C, Vcc = 5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Conditions 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




V|L 


Input Low Voltage 




0.8 


V 


CLK1.CLK2 


V| H 


Input High Voltage 


V C c - 0.8 




V 


CLK1.CLK2 


Vol 


Output Low Voltage 




0.4 


V 


lOL^mA 


VOH 


Output High Voltage 


2.4 




V 


Ioh = 2 mA 


Ice 


Power Supply Current 




180 


mA 


No DC Loads 


lu 


Input Leakage Current 




±10 


jltA 


Vss < V| N < Vcc 


loz 


Tri-State Output Leakage Current 




±10 


jutA 


V SS < V OUT < Vcc 
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82306 LCS A.C. SPECS 

T c = 0°C to +70°C, V C c = 5V ±10% 



Symbol 


Parameter 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


C L 


Notes 


m %ll %llllwbwl 


Min 


Max 


Min 


Max 


Min 


Max 


(PF) 




T1 


CLK1.CLK2 LOW TIME 


15 




15 




14 








T2 


CLK1, CLK2 NON-OVERLAP 


4 




4 













T3 


FCLK1.FCLK2 LOW TIME 


10 




10 




10 








T4 


FCLK1, FCLK2 NON-OVERLAP 


10 




10 




10 








T5 


RESET PULSE WIDTH 


500 




500 




500 








T6 


ALTRESET PULSE WIDTH 


75 


150 


75 


150 


75 


150 


75 




T7 


TMRCLK HIGH/LOW TIME 


300 




300 




300 








T8 


A9-A0, CS#, FDACK# SETUP 


30 




30 




30 








T9 


A9-A0, CS#, FDACK# HOLD 


10 




10 




10 








T10 


RD#, WR#, INTA# PULSE WIDTH 


170 




170 




170 








T11 


WRITE DATA SETUP 


25 




25 




25 








T12 


WRITE DATA HOLD 





















T13 


READ DATA VALID DELAY 





50 





50 





50 


75 




T14 


READ DATA FLOAT DELAY 





35 





35 





35 


75 




T15 


CHRDY DELAY 





80 





80 





80 


75 


5 


T16 


CHRDY INACTIVE PULSE WIDTH 


230 




230 




180 




75 


5,10 


T17 


ADDRESS DECODE DELAYS 





50 





50 





50 


75 


1 


T18 


WRITE STROBE DELAYS 





40 





33 





30 


75 


2 


T19 


READ STROBE DELAYS 





40 





40 





40 


75 


3 


T20 


RTCALE MIN PULSE WIDTH 


120 




120 




110 




75 


10 


T21 


DATA SETUP TO INTA# 


25 




25 




25 








T22 


DATA HOLD FROM INTA# 


5 




5 




5 








T23A 


FCLKO HIGH TIME 


45 


63 


45 


63 


45 


63 


75 


6 


T23B 


FCLKO HIGH TIME 


90 


150 


90 


150 


90 


150 


75 


6 


T23C 


FCLKO VALID DELAY 




35 




35 




35 


75 




T24A 


FWRCLK HIGH TIME 


200 


300 


200 


300 


200 


300 


75 




T24B 


FWRCLK VALID DELAY 




35 




35 




35 


75 




T25 


FWDATA# PULSE WIDTH 


350 




350 




350 




75 




T26 


FRDATA# PULSE WIDTH 


40 




40 




40 




75 




T27 


FRDTA PULSE WIDTH 


125 




125 




125 




75 




T28A 


FDW SAMPLE PERIOD 


1 


jLtS 


1 


ju,S 


1 


JLtS 


75 


4,7 


T28B 


FDW SAMPLE PERIOD 


2 


jULS 


2 


jutS 


2 


jutS 


75 


4,7 


T29 


VCOI FREQUENCY 


4 


MHz 


4 


MHz 


4 


MHz 




4 


T30A 


PLLVAR.PLLREF FREQUENCY 


1 


MHz 


1 


MHz 


1 


MHz 


75 


4,7,8 


T30B 


PLLVAR.PLLREF FREQUENCY 


50C 


)KHz 


50C 


)KHz 


50C 


)KHz 


75 


4,7,8 


T31 


US1 # SETUP TO UADL# 


25 




25 




25 






9 



NOTES: 

1. Address decode delays include SPCS#, LBEN#, KYBDCS#, FCS#, PD, PPSEL#, and OA0. (OA0 supports 82072 
interface ) 

2. Write Strobe delays include RTCWR# and WRCDSU. 

3. Read Strobe delays include RTCRD # , FSRD # , and RDCDSU # . 

4. Typical values ... not tested. 

5. LCS extends cycles to the 8242 keyboard controller, serial port, real time clock, and 8272 Floppy Disk Controller. 

6. T23A applies to FCLKO = 8 MHz (500 KBPS Data Rate). 
T23B applies to FCLKO = 4 MHz (250 KBPS Data Rate). 

7. T28A and T30A apply to 500 KBPS. The T28B and T30B apply to 250 KBPS. 

8. VCOI/4 for 500 KBPS. VCOI/8 for 250 KBPS. PLLREF applies only when PLL is locked. 

9. 82072 Support. 

10. Functional Spec ... not tested. 
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DRIVE LEVELS AND MEASUREMENT POINTS FOR A.C. SPECIFICATIONS 



CLK(N) 



[^\ 



■c 



-®- 



OUTPUTS I VALID 

OUTPUT n 



-® 



Z3^^E 



?' 



VALID 
OUTPUT n*1 



©- 



INPUTS j 

LEGEND: 

A. Maximum Output Delay Specification. 

B. Minimum Output Delay Specification. 

C. Minimum Input Setup Specification. 

D. Minimum Input Hold Specification. 



3.0V y 

ov 



,.5V «j* ,.5V 



"® 



29Q183-3 

Input waveforms have tr <. 2.0 ns from 0.8V to 2.0V. 



LCS CLOCKS 



CLK1 

LCS 
SYSTEM 
CLOCKS 

CLK2 

FCLK1 

LCS 

FDC 

CLOCKS 

FCLK2 


0.8V N 


T1 


* 










y 


-V CC -0.8V 

T2 i 


\ , 


'/■ 




/ 








• 






T3 




\- 


---/ r _--V cc -0.8V 


\ 






*- 


- V cc - 0.8 V 

T4 ! 


\ :. 


/ 


0.8 V -^ 


,_ y 












• 












V. 


__^/__.V cc -0.8V 


\ 
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SYSTEM INTERFACE 





T17 


























ADDR,CS#,FDACK# j 


1 


V 
















RD#,WR#,INTA# 












T10 

< , — 




COMB DECODES 


A 






x 




T8 


T13 




T9 




T1 * I 








^... 


< 










^ 






T11 






^ 


K 


— T12 






< 






/ 






READ/WRITE STROBES 


INACTIVE 


j | ACTIVE 


] 


INACTIVE 


— *" 


\+— T18.T19 
T15 I T16 


"p 




«— T18.T19 




I rr 


1 




CHRDY 
RTCALE 






I 








I. T2 ° 


A 


DATA (8259RD 






T21 






— T22 


< 




^ 


MONITORED 
BY LCS) 
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FWDATA# 



FRDATA# 



ALTRESET 



T23C — ►» 



1_T 

~~L_ 



\ 



T24A 



y 



i_r 



i_r 



T23A.B 





n 


T27 


^ 














\ 


/ 










T25 




\ 


/ 










T26 






r~ 


T5 


~^S 












i 


T6 


^s 







1_J 

_J~ 



~L_ 



i__r 





T31 










US1# 


V 










UADL# 


\ 


V 



8 

m 



m 
O 

c 

0) 
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T7 



iny 



ADWAMK&B 0M(F®K(M1A¥0®(M 



82307 
DMA/Micro Channel ARBITRATION CONTROLLER 



■ 8 Channel DMA Controller (8/16-Bit) 

■ Integrated Central Arbitration Control 
Point 

■ Refresh Address Generation/Cycling 

■ Numerics Co-processor Interface 



■ Address Decoding 

— Numeric Coprocessor 
—-Interrupt Controller 

— POS Address Space for Expansion 
Slots 

■ Low Power CHMOS Technology 

■ 132-Pin Plastic Quad Flat Pack 
Packaging 

(See Packaging Spec, Order # 231369) 

The 82307 DMA/Micro Channel Arbitration Controller is a register level implementation of the equivalent VLSI 
device in IBM Micro Channel systems. The Central Arbitration Control Point (CACP) as defined in the Micro 
Channel Architecture for bus arbitration is integrated in this VLSI device. 

The 82307 also integrates the Address decoder logic for generating decodes for numeric coprocessor, Inter- 
rupt controllers and POS address space. 



CLK1 CLK2 CLK3 



A( 16:23) 
A(0:15) 
D(0:15) 




EIGHT CHANNEL 
DMA CONTROLLER 



BUS CONTROL LOGIC 



59CS# «■ 

INTR 
INTA# — * 



CENTRAL ARBITRATION 
CONTROL POINT 



(CACP) 




► HOLD 
-HLDA 
-FDRQ 

► FDACK# 
• DENSEL 
>TC# 

► REFRESH# 
- RFRQ# 



-► LBEN# 
-► CDEN# 
-► PBA# 



OARB(0:3) 

ARB(0:3) 

0PMT# 
PREEMPT# 



-► ARB/GNT# 

-+ BSTO# 
— BURST# 
-*TO# 

-► DMA# 
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DMA FUNCTION 

The 82307 features eight 8/16-bit channels, 24-bit 
addressing capability, and operates in two-cycle 
transfer mode as defined in the Micro Channel archi- 
tecture. The DMA controller owns the bus for both 
halves of the transfer cycle. 

The DMA function in the 82307 also supports the 
motherboard Floppy Disk Controller. Upon receiving 
the DMA request from the FDC, the DMA controller 
arbitrates for the Micro Channel bus on behalf of the 
FDC. The FDC is acknowledged once the bus is 
granted to initiate the data transfer. 



Micro Channel ARBITRATION 

The other major function of the 82307 DMA control- 
ler is to provide Micro Channel Arbitration. It pro- 
vides full Micro Channel bus arbitration capability ac- 
cording to the 1 8-level priority scheme. During nor- 
mal operation priority 0-15 are assigned with 15 be- 
ing the lowest priority for the CPU. Priority level - 1 
which has the higher priority than is also assigned 
to CPU (switched from 15 to -1) during NMI error 
recovery. The highest priority -2 is used for refresh. 

The bus arbitration priority is asserted via the 
ARB0-ARB3 signals by the requesting masters to 
gain control. Bus granting is assigned by the priority 
level. During an arbitration cycle no Micro Channel 
master is allowed to drive the bus. 

The bus can be preempted by the 82307 when arbi- 
trating on behalf of DMA, or when it is requested to 
run a refresh cycle, or to respond to NMI error recov- 
ery. The preempting of the bus can also be initiated 
by Micro Channel masters. 

The CACP Control Port 090H is integrated on chip. 



Micro Channel REFRESH ADDRESS 
GENERATION/CYCLING 

The actual refresh request is generated by the 
82309 Address Bus Controller. Upon receiving this 
request the 82307 DMA Controller gains bus control 
and executes the refresh cycle. Address generation 
for the Micro Channel refresh cycle is generated by 
the 82307 DMA controller, 



NUMERICS COPROCESSOR 
INTERFACE 

The 82307 DMA controller supports the numerics 
coprocessor interface. It provides software transpar- 
ency required to interface an 80387 to 80386 proc- 
essor. Ports F0H and F1H are integrated on the 
82307. 

The numerics coprocessor interface support in- 
cludes the chip select decode for coprocessor inter- 
nal register accesses of addresses F8H, FAH and 
FCH. The 82307 also alerts the CPU of any coproc- 
essor error output generated by asserting the inter- 
rupt request IRQ1 3. 



ADDRESS DECODER 

The Address Decoder logic decodes the chip select 
for the 8259 Interrupt Controllers arid generates P0S 
Address Space output for addresses 100H through 
107H to support the Card set-up signals for the ex- 
pansion slots. 

The chip select output is for both 8259s in the sys- 
tem, so it must be externally gated with local chan- 
nel address bit A7 to select each actual device. 

For programming and register level details, please 
refer to IBM PS/2 Technical Reference Manual. 
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82307 DMA/Micro Channel Arbitration Controller Pin Definitions 



Signal 
Name 


Pin 
Number 


I/O 


Description 


A<0:23> 


13-2, 
130-124, 
122-118 


A0-A15 

B 
A16-A23 




Processor local address bus. A16-A23 are output only and are 
driven when the DMA controller is bus master. A0-A15 are bi- 
directional. They are inputs when the CPU is master, allowing the 
CPU access to the chip's internal ports. They are outputs when the 
DMA is master. 


D<0:15> 


18-21, 
23-31, 
35-37 


B 


Processor local data bus. When the DMA is master, it drives this bus 
in a write cycle, and samples it during a read cycle. When the CPU is 
master, the bus is used to access DMA's internal registers. 


S0#,S1# 


87, 85 


B 


CPU or DMA cycle status indicators. The DMA drives these signals 
when it is bus master. When a slave, the DMA inputs these signals to 
track CPU cycles. 


BHE# 


84 





Byte high enable. It is driven when the DMA owns the bus and 
tristated otherwise. This signal ties directly to the CPU BHE# output 
in an 80386SX machine. 


PM/IO# 


81 


B 


CPU memory / I/O indicator. The DMA drives PM/IO# when bus 
master, and inputs it when it is slave. 


US0#,US1# 


43,44 


I 


Micro Channel status pins. Generated by the Bus controller when the 
CPU or DMA is master. When a slot-resident master owns the bus, it 
generates US0M# and US1 M#, and the DMA inputs these so as to 
recognize when the slot-resident master relinquishes the bus. (The 
slot-resident master end-of-transfer is recognized when USOM # , 
US1M#, the channel CMD# signal, and the channel BURST# signal 
are all negated.) 


OARB0-OARB3 


58-55 





DMA/CACP arbitration bus outputs. These signals are driven by the 
DMA/CACP to arbitrate on behalf of a floppy disk service at priority 
level 2. 


PBA# 


107 





Processor Bus Access. The signal indicates a CPU bus access to the 
numeric coprocessor or to one of the DMA/CACP registers. 


ARB3-ARB0 


59-62 


I 


DMA/CACP arbitration bus inputs. These signals tie directly to the 
Micro Channel. All competing masters including the DMA/CACP 
drive these during an arbitration cycle, and the master with the 
highest priority takes control of the Micro Channel after the arbitration 
cycle is complete. 


OPMT# 


92 





Preempt Bus Master. DMA/CACP drives this output whenever it 
wishes to preempt the current bus master. This can occur when 
arbitrating on behalf of a DMA channel service or when arbitrating on 
behalf of a refresh request, or when arbitrating on behalf of the CPU 
so as to let it respond to a NMI (non-maskable interrupt) request. 


PREEMPT# 


45 


I 


Wired "OR" of the PREEMPT # signals from all Micro Channel 
masters, including the DMA/CACP (PMTO#). It signifies that a 
master wishes to force an arbitration cycle. 


ARB/GNT# 


63 





Arbitration Cycle indicator. The DMA/CACP drives this Micro 
Channel signal high to signify an arbitration cycle. During the 
arbitration cycle, all competing masters drive their priorities onto the 
arbitration bus (ARB03-ARB00). The falling edge of ARBGNT# 
signifies the end of the arbitration cycle, at which time the master with 
the highest priority takes control of the bus. If no master competes 
for the bus, the pullups on ARB03-ARB00 will read binary 1111 by 
default, which is the normal operating priority of the CPU. 
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82307 DMA/Micro Channel Arbitration Controller Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


BSTO# 


53 





Burst Output. The DMA/CACP drives this output in order to own 
the Micro Channel for multiple cycles. Specifically, since all PS/2 
DMA cycles are two-cycle, BSTO# is driven to allow the DMA 
controller to own the bus for both halves of a two-cycle transfer. 


BURST# 


52 


1 


Burst Request Input. It is an input to the CACP from the current 
master wishing to own the bus for multiple cycles. It is derived by 
"OR"ing the Micro Channel BURST# signal with the DMA/CACP 
BSTO# signal. 


HOLD, HLDA 


76, 79 


(HOLD = 0) 
(HLDA^=I) 


Hold/Hold Acknowledge to the CPU. 


FDRQ, FDACK# 


90,64 


(FDRQ = I) 
(FDACK#=0) 


Floppy DMA Request, Acknowledge signals. The motherboard 
FDG requests DMA service via FDRQ. In response, the DMA/ 
CACP arbitrates for the Micro Channel on behalf of the floppy 
disk system. Once the DMA/CACP has gained control of the bus, 
it acknowledges the FDC via FDACK#. 


TC# 


65 


O 


DMA Transfer Complete, 


UCMD1#, 
UCMD2# 


49,48 


1 


Micro Channel Command Inputs. These inputs are driven directly 
by the Micro Channel CMD# signal. 


RFRQ# 


46 


' r 


Refresh Cycle Request from the Address Bus Controller. 


REFRESH # 


69 





Refresh Cycle Signal. The DMA/CACP drives this output active 
during refresh cycles. This signal is buffered to become the Micro 
Channel REFRESH # signal. 


59CS# 


89 





Interrupt Controller Chip Select (8259s). Note that this output is 
activated if either interrupt controller is selected. It is then 
externally gated with the local I/O channel address bit A7 to 
distinguish between controller 1 and controller 2. 


DENSEL 


88 


i 


Density Selected for the motherboard FDC 


CDEN# 


91 





C^rd Setup Enable. During system setup, a bit pattern is written to 
port 96H to select a particular slot for configuration. CDEN # 
enables the decode of these bits to send an active CDSETUP# 
signal to the selected slot. CDEN# is simply a combinatorial 
(non-clocked) decode of ports 1 00H - 1 07H. 


CLK1.CLK2, 
CLK3 


95, 98, 94, 
114,113 


■■"■ 1 ■ : 


Clock Inputs 


RESET 


104 


"1 


Power-up System Reset 


INTR, INTA# 


73, 108 


1 


Interrupt Request/ Acknowledge. The PS/2's 8259 based 
interrupt system generates interrupt requests to the CPU via 
INTR. In response, the CPU fetches the appropriate interrupt 
vector from the interrupt controller in an interrupt acknowledge 
cycle. The Bus controller decodes the CPU status outputs, and 
drives INTA# to identify a CPU interrupt acknowledge cycle. The 
DMA/CACP monitors this activity via its INTR and INTA# inputs. 
In response to INTA#, the DMA/CACP drives LBEN# so as to 
enable the 8259 vector onto the Micro Channel. The CACP uses 
INTR to ensure that the CPU has an opportunity to service an 
interrupt within one "fairness" cycle; i.e., it prevents the CPU from 
being totally locked out by higher priority arbiters. 



4-648 



inteT 



82307 



ABWANQB OlMFO^lMIATrBOKI 



82307 DMA/Micro Channel Arbitration Controller Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


NMI# 


74 


B 


Non-Maskable Interrupt to force arbitration cycle to allow CPU bus 
ownership. As an output, this appears to the system as an open 
drain, which allows for an external wire "OR" with other NMI sources. 


PRDYI# 


75 


I 


Processor Ready Input. The Bus controller generates this signal to 
terminate CPU and DMA cycles. 


NPCS# 


40 


O 


Chip select for the Numeric Coprocessor. It is an unlatched decode 
that acts as a chip select for CPU accesses to the numeric 
coprocessor's internal registers. 


NPRESET 


41 


O 


Numeric Coprocessor Reset. It resets the numeric coprocessor 
either upon a system reset or under software control. 


NPERR# 


38 


I 


Numeric Coprocessor Error Input. It is an input from the numeric 
coprocessor error output. The DMA/CACP uses it to generate an 
interrupt request (IRQ13) to inform the CPU of a coprocessor error. 


NPBUSY# 


39 


I 


Numeric Coprocessor Busy 


PBUSY# 


72 


O 


Processor Busy Output. It drives the CPU numeric coprocessor busy 
input. It is activated normally when the coprocessor is busy executing 
an instruction, but is also activated when a coprocessor error is 
detected. The CPU will not attempt to utilize the coprocessor as long 
as PBUSY# is active. 


IRQ13 


71 


O 


Numeric Coprocessor Error Interrupt 


LBEN# 


117 


O 


Local Bus Enable. This signal is used to enable the data buffers 
between the Micro Channel and local I/O bus. It is activated for 
decoded accesses to the 8259 interrupt controllers, as well as for 
interrupt acknowledge cycles. It is also driven during the DMA 
acknowledge cycle to the FDC. 


DMA# 


93 





DMA/CACP as the Bus Master. It is driven low at the end of an 
arbitration cycle (ARB/GNT# falling) to indicate that the DMA 
controller has gain control of the Micro Channel. It is negated during 
arbitration cycles, and is negated when either the CPU or slot- 
resident master owns the bus. It is also negated during refresh 
cycles. 


TO# 


42 


o 


Bus Timeout signal. The DMA/CACP also issues an NMI to the CPU 
in response to the Bus timeout, and forces an arbitration cycle. 


V D D 


16,34,47, 

51,66,78, 

86,101,115,131 




Power 


Vss 


1,14,22,33, 
50, 54, 67, 82, 
99,116,123 




Ground 


NC 


15,17,32,70, 
83,100,106,132 




No Connect 


PU 


68, 77, 80, 97, 

102,103,105, 

109-112 


I 


Pull Up 


PU2 


96 


I 


Pull Up. This input must have its own pullup. 
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82307 DMA/Micro Channel Arbitration Controller 



z> <<<<<<<> <<<<<">> ooolaloIS. S™ZQ. KQ. 51>Z 




TOP VIEW 



csiK>'«frintorvooo>o-"-cMK)<*m<0 





NOTES: 

Important!! No other node allowed to share pull-up with PU2. 

NC = No Connect 

PU = Pull-Up 

— Pull-Up Resistor Valve = 2K to 10K 

—No more than three nodes to a single pull-up resistor. 
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82307 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS* 

Case Temperature under Bias -40°C to + 85°C 

Storage Temperature -65°C to + 150°C 

Voltage to Any Pin with 

Respect to Ground - 0.3V to (V C c + 0.3)V 

DC Supply Voltage (V C c) -0.3V to + 7.0V 

DC Input Current . . ± 10 mA 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS 

T C = 0°C to +70°C, V C c = 5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Conditions 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




V|L 


Input Low Voltage 




0.8 


V 


CLK1.CLK2.CLK3 


V IH 


Input High Voltage 


V C C " 0.8 




V 


CLK1,CLK2,CLK3 


Vol 


Output Low Voltage 




0.4 


V 


Iol = 2 mA 


VOH 


Output High Voltage 


2.4 




V 


Iqh = 2 mA 


Ice 


Power Supply Current 




180 


mA 


No DC Loads 


Ili 


Input Leakage Current 




±10 


jaA 


V S s < V| N < V CC 


loz 


Tri-State Output Leakage Current 




±10 


julA 


Vss < VquT < ^CC 
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82307 DMA CONTROLLER A.C. SPECS 

T C = 0°C to +7CfC, V C c = 5V ±10% 



Symbol 


Parameter 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


C L 


Notes 




Mln 


Max 


Min 


Max 


Min 


Max 


(PF) 


1 ^%#*^«F 


T1 


CLK1 , CLK2, CLK3 LOW TIME 


15 




15 




14 








T2 


CLK(N) NON-OVERLAP TIME 


4 




4 













T3 


RESET(IN), NPRESET(OUT) PULSE WIDTH 


500 




500 




500 




50 




T4 


TO# PULSE WIDTH 


60 




60 




60 




50 




T5 


A23-A0,PM/IO#,BHE#, 
REFRESH # DELAY 


4 


35 


4 


35 


4 


32 


75 




T6 


A23-A0,PM/IO#,BHE#, 
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25 




25 
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75 




T23 


HOLD DELAY 


2 


35 


2 


32 


2 


32 


50 
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NOTE: 

1. Write data is sampled on different clock edges by different DMA internal registers. T19 is speced relative to the earliest 
sampling edge, while T20 is relative to the latest edge. 

2. PRDYI# must be inactive and stable according to these specs at all DMA state boundaries except at the end of the TC 
boundary at which the cycle is to be terminated. 
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DRIVE LEVELS AND MEASUREMENT POINTS FOR A.C. SPECIFICATIONS 



CLK(N) 



[^\ 



-<£>- 



[3^Z3^^[E 



OUTPUTS I VALID 



INPUTS 



[ 



LEGEND: 

A. Maximum Output Delay Specification. 

B. Minimum Output Delay Specification. 

C. Minimum Input Setup Specification. 

D. Minimum Input Hold Specification. 
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Input waveforms have tr <> 2.0 ns from 0.8V to 2.0V. 



4-553 





_, BURST# 

z 

£ CMD# 



| S0# S S1# 



ARB/GNT# 



ARB 3#-ARB0# 



EMD OF TRANSFER (EOT)... 
WHICHEVER IS DE-ASSERTED LAST 



X 



X 



0ARB3#-0ARB0# 



tNTA# 



LBEN# 



X 



X 



X 



OPMT# 



290186-4 



1 Tl 
SYSCLK2 J 1 1 1 1 1 F 1 




TS 




TC 1 Tl 1 


CLK1 1 1 


_l 


_J 




1 


CLK3 I 1 


_l 


l_l 


i_J 


l_l 


L_ 


M 


L_l 




CLK2 


_J^ 






_J 




J 




_J 




isa wmmmmmk 


3d 






AODR N 




mmxwwmxmxxxwmM 




T5 — 










T5.T6 " -■ 








STATUS 




T12 


1 


1 






T8 


1 

ViVxl 


"" 1 


. n .1 


T11B j 


DATA(WR) *--- 








//// 










///* 








T9 


T10 






< 


J- 


























PRDYI# 


T30 

V 














/{ 


' 




T13A 




T30 




DMA# 


T13B 


T14 


* 


















i 








CMD2# 




J— T30 






~^V 


f 




T30 






FDACK# 




















T29 


TC# 




T5 






"\ 


T29 


TS 1 






«» i>mmm<xxxm! 


wmmrn 


3 




mxxxx 


MMMOOOOOd 


_ 


~H 














T5 


REFRESH# 


\ 




/ 










T28 


BSTO# 


~\ 




> 


T28 




290186-5 





Tl 1 T1 I T2 I T2 I T2 I T2P I T2P I T2P I T2P | T2P I TIP 1 T2P 

1 1 1 | 1 | 1 1 1 1 1 
i i it i 




CLK1 
CLK3 


U U 


U U 


u 


u 


u 


U U : U U 


U U ; U U 




u u 


u u 




CLK2 


U : U 

,! T15 , , 


U i- U 

T16 , , i 




u 


: U 




il 






i i 


j& KXxxxxxxxxxxxm 






Mxxxxxxxxxxxxxxxxxxxxxw 








:! ,- 
















■1 ' 






STATUS 


; ■> , 


T18 r 








"A: 


ii 
ii 










CMD# 


M 




A 


J\ 


r~ 












ADL# 


T33ij 
T34ii ~; 


V 


-j 








\ \ , 










sss wxxxxxxxxxxxxxxw 






! WXXXXXXXXXXXXXXXXXXXXXXXW 




... ,. . r « 




/■ 








T22 i 








1 V 








' V 








T2t J^- 


1 s 














J — 1 










\ S 






■X—, 




'- s> 






T19 




" 


T20 














■' 


V 




• / 


290186-6 


T35.36 '• - • ■ 


1 H» — '■ — A 
'T35.36' 



o 
o 
m 



iny 



AOSWABOiSe OMFfS^GMfiM 



82308 
Micro Channel BUS CONTROLLER 



Micro Channel Compatible Bus Control 

Supports 8-, 16- or 32-Bit Data 
Transfers on the Micro Channel 

Optional Hardware! Enforced I/O 
Recovery Mechanism 



Cache Controller (82385) Interface to 
Maximize Performance for 80386 Based 
Systems 

Low Power CHMOS Technology 

100-Pin Plastic Quad Flat Pack 
Packaging 

(See Packaging Spec, Order # 231369) 



The 82308 Micro Channel Bus Controller is the complementary device to the 82309 Address Bus Controller. It 
is designed to facilitate data transfers between the Microprocessor, DMA, Memory and Micro Channel bus. It 
generates the appropriate data conversion and alignment control signals to implement an external byte swap 
mechanism for transferring data of equal and different widths. 

The 82308 Bus Controller generates all control signals necessary to run Micro Channel Memory and I/O Bus 
cycles for both 80386 and 80386SX processors. 

To implement the highest performance 80386 based system with the 82385 cache controller, the Bus Control- 
ler features special cache hardware interface signals. 
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STATE MACHINE 

The primary purpose of the state machine is to gen- 
erate the Micro Channel signals for processor and 
DMA cycles. These Micro Channel signals are: S0#, 
S1#, ADL#, MMCCMD# and CMD#. The state 
machine also generates the PNA# signal required 
by the 386 CPU and generates the DMA S0# and 
S1 # based on the 386 processor status. 



DATA TRANSFER 

The 82308 Bus Controller directs the transfer of 
data between the 32-bit 80386 bus and 32-bit, 16-bit 
or 8-bit devices on the Micro Channel. For 16-bit 
transfers initiated by the 80386SX or DMA, the Bus 
Controller provides the control signals to facilitate 
transfers to 16-bit or 8-bit devices on the Micro 
Channel data bus and vice versa. 

In addition to providing the transceiver direction, 
latch, and enable signals, the Bus Controller manip- 
ulates Address signals for the DMA and Micro Chan- 
nel. For example, a 32-bit access to an 8-bit device 
is broken into four cycles, and the BC automatically 
sequences A1 and A0 in each cycle. 

The 82308 Bus Controller also supports the ROM 
BIOS by providing the output enable for the BIOS 
based on the decoded BIOS address signal from the 
Address Bus Controller (ROMEN#). 



RESET DETECT 

The reset detect logic generates a synchronous 
CPU reset signal based on any of the following 
events: 

— An active low-pulse on the RC# input to the Bus 
Controller 

— Processor Shutdown Condition based on the 
Processors' status signals 

— Power-up condition as determined by the RESET 
input. 



I/O SUPPORT 

The 82308 Bus Controller generates Memory and 
I/O Read and Write signals for devices on the moth- 
erboard. It also generates the Interrupt Acknowl- 
edge signal. 



The Bus Controller extends motherboard device ac- 
cesses by de-asserting CHRDY until a read or write 
strobe is generated. This gives the peripheral device 
an opportunity to extend the cycle even further if 
required by driving its own CHRDY inactive after it 
detects the read or write strobe. The motherboard 
device decode is performed by the 82309 Address 
Bus Controller. 



CACHE SUPPORT 

The 82308 Bus Controller supports 82385 Cache 
Controller interface signals to allow maximum sys- 
tem performance in cache based 386 systems. 



CACHE FLUSH 

The Bus Controller generates a synchronous flush 
output signal (FLUSH) to the cache controller when- 
ever the flush request (FIN) is generated. 



SNOOP STROBE 

The Snoop Strobe output of the 82308 Bus Control- 
ler is a synchronized strobe indicating a valid ad- 
dress during non-processor write cycles. It is com- 
patible with the 82385 cache controller's bus watch- 
ing mechanism. 



HARDWARE ENFORCED 
I/O RECOVERY 

Certain I/O devices require a minimum delay be- 
tween consecutive accesses. Typicaiiy, software 
loops are executed in the I/O routine to force the 
delay, but software loops cannot guarantee mini- 
mum delay times in all cases. The 82308 Bus Con- 
troller provides the option of enforcing I/O recovery 
in hardware. This mechanism is controlled by two 
inputs (RSEL1 and RSEL0), which select one of four 
possible minimum I/O recovery times. At the end of 
a CPU initiated I/O cycle, an internal timer is trig- 
gered, and the 82308 will not allow the next I/O ac- 
cess to proceed until the timer has timed out. The 
specific functioning of RSEL1 and RSEL0 is detailed 
in the pin definitions and A.C. Timing specifications. 
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16 MHz CPU DEFAULT CYCLE (FP = 0) 
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16 MHz CPU ASYNCHRONOUS EXTENDED 
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20 MHz CPU SYNCHRONOUS EXTENDED 
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DMA DEFAULT CYCLE 
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CPU SYSTEM BOARD MEMORY/Micro Channel MEMORY ACCESSES 
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NOTES: 

1. RAMEN# distinguishes between system board and channel memory accesses. The BC must wait for RAMEN# to 
resolve before driving STATUS in a channel access. Thus, in non-pipelined channel accesses or pipelined channel 
accesses in Which the ABC sees only one state of pipelined address, the BC delays starting the channel access until the 
end of the T1 For first T2 state. 

2. In memory cycles the BC must drive NA# before RAMEN# resolves in order to sustain OWS pipelined page hits. 
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82308HS-25 MICROCHANNEL BUS 
CONTROLLER TIMING DIAGRAMS 

The 82308HS-25 provides MicroChannel Bus Con- 
trol for 25 MHz 80386 systems. It is 100% function 
and pin compatible with the 82308-1 6/20 Bus Con- 
troller, so minimal system re-design is required to 
upgrade current 16 MHz or 20 MHz systems to 
25 MHz. (Note that the 82308HS-25 FP input must 
be tied high.) 

Although the 82308HS-25 is functionally identical to 
the 82308-16/20, its internal state machine and ex- 
ternal timing behavior are modified to insure full 



compatibility with published MicroChannel timings at 
the increased CPU frequency, and to accommodate 
25 MHz system and component specifications. This 
addendum to the 82308-16/20 data sheet provides 
the basic timing diagrams for the 82308HS-25, high- 
lighting the specific clock edges that either sample 
specific inputs, or else trigger specific outputs. All 
AC specification output delays are referenced to the 
"causal" clock edge, and input setup/hold times are 
referenced to the sampling clock edge. Any signal 
not specifically addressed in these diagrams be- 
haves just as it does in the 82308-16/20. (Note in 
the AC specifications that notes numbered 21 or 
greater apply only to the 82308HS-25.) 



DS16RTN.0S32RTN SETUP REFERENCED TO THIS EDGE 



CMD# 
MMCMD# 




RDYRTN# 

(RDYRTNf SAMPLED ACTIVE. NO 
CYCLE EXTENSION REQUESTED. RSEL0, 1 
ALSO SAMPLED HERE.) 



EOC 

(CACHE READ) 

IF ALIGNED* 



290187-13 
*lf necessary, a wait state is added to CPU I/O cycles to align them with even DMA state boundaries. (Recall that DMA states are 4 clock 
phases wide while 80386 states are only 2 phases.) 



82308HS 25 MHz CPU Default I/O Cycle 
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82308HS 25 MHz CPU EXTENDED CYCLES 
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82308HS 25 MHz DMA EXTENDED CYCLES 





TS 


TC 


TC 


STATUS 
ADL# 
CMD# 










r 


















\ 


/ 
\ 






r 

290187-18 










RDYF 


1TN# 







Default 



Synchronous Extended 



STATUS 
ADL# 
CMD# 


TS 


TC 


TC 


TC 












/ 






















\ 


\ 










r 

290187-19 










• 


















RDYRTN# 






RDYRTN# 





TS 


TC 


TC TC TC TC 


STATUS 

ADL# 
CMD# 










/ 






























\ 


/ 
\ 


















f 
























, 












RDYf 


(TN# 


RDYRTN# 


RDYRTN# 


RDYF 


*TN# 


290187- 


20 



Asynchronous Extended 



4-568 



inter 



82308 



MWSW£M ONPORfiSIAirOON 



ADDR 






JLj 










X 






































STATUS 




\ 


/ 
























ADL# 






\ 


r 




















CMD#,ROMOE# 










V_ 


/ 


/ 




/ 


/ 

-21 


NO CACHE/FRC#=0 — * J 
CACHE/FRC#=0 ' 

NO CACHE/FRC#=1 ' 

CACHE/FRC#=1 

290187- 



82308HS 25 MHz ROM Cycles 



4-569 



00 
IO 
CO 



0> 
IO 

01 



O 

c 
> 

o 

s 

co 

CO 

o 

CO 



<D 

3 

01 O 

Q a 

3 
o 

■v. 



CO 

-I 
3 

1 
1 

-1 

o 
o 

3 



T2P T1P 



T2P T1P T2 T2 



rLrijmnJUuianJwuia^ 



W/R# 



ADS# 



cAs#_y r 

MDIR _ /"^ 



MLW# -/" 
MHW# _ yT 

FCES#_/ r " 



RDY# — / 



READ 



Pfl 



*\ 



V 



\. 



v_/ 



N0N- PIPELINED 
WRITE 



7 

♦ 

f 



r 



r~\ 



\. 



\ 



/■ 



v_ / 



PIPELINED 
READ 



r 



r 



\. 



\. 



^ss& 



PIPELINED 
WRITE 



r 



r 



\. 



r 



\ 
\ 



NON-PIPELINED READ 
(WS# = 0) 



•The 82308-25 Prevents Contention at these points by insuring that MLW# and MHW# are faster signals than MDIR. 



\_y 



r 



r~\ 



/-a 



DOUBLE 
PIPELINED WRITE 



f 
f 

r 



OB 
K> 
W 

O 
09 

X 
CO 
IO 

en 

S 

X 

N 

o 
■o 

c 

> 

2. 



c/> 

CO 



T2 



T2 T2P 



W/R#"""\/ 



<0 

3 

Oi o 
-Nl fi) 



3 
o 

3 



o 

fil 

ST 

CD 



to 

3 
(0 
O 
(D 

< 

-* 

o 
o 

3 



ADS# 
CAS# 
MDIR 
MLW#" 

MHW# 

FCES# 

RDY# 



\ 



\ 






V 



T2P TIP T2 T2P T2P 



T1P T2 T2P T2P TIP T2 T2 



\_/ 



NON-PIPELINED 
WRITE 



S 



V 



/~\ 



f~\ 



r~\ 



\ 



DOUBLE PIPELINED 
READ(WS# = 0) 






/~\ 



/~\ 



\-J/ 



\^f 



DOUBLE 

PIPELINED 

READ 



r 




r 



v 



PIPELINED WRITE 




DOUBLE 
PIPELINED WRITE 



/ 



inteT 



82308 



JMSWAMGE 0M(F@^G»fl©IM 



82308 Micro Channel Bus Controller Pin Definitions 



Signal 
Name 


Pin 
Number 


I/O 


Description 


RSTRQ# 


87 


\l 


Logical NOR of 8042 pin 20 and LCS ALTRESET to initialize reset 
(Software reset). 


RSTCPU 


91 





Microprocessor Reset. 


PCE# 


82 


I 


Enable Parity Check from Memory Encoding Register Bit 0. This input 
should be tied low for a model 60 system. (Parity check always 
enabled.) 


PO 


83 


I 


Parity Error from DRAM for bits 0-7. 


P1 


84 


I 


Parity Error from DRAM for bits 8-1 5. 


P2 


85 


I 


Parity Error from DRAM for bits 16-23. 


P3 


86 


I 


Parity Error from DRAM for bits 24-31 . 


PCHCK# 


90 





Parity Error Output. 


IOEN# 


79 


I 


Active low signal from the Address Bus controller indicating a 
motherboard I/O device address. 


CHRDY 


92 





Input to the Channel Ready Return logic to extend the current cycle. 


FDACK# 


81 


I 


FDCDACK# signal. 


IOR 


97 





I/O Read signal for motherboard devices (8042, 8259, etc.). 


IOW 


98 





I/O Write signal for motherboard devices. 


VMWR# 


96 





Memory write strobe to the VGA. 


VMRD# 


95 





Memory read strobe to the VGA. 


INTA# 


94 





INTA# Input to the 8259. 


A0 


9 


B 


CPU and DMA Address 0. A0 Will be driven by the Bus controller 
based on the byte enable signals when the 386 owns the bus. It is a 
Bus controller input in an 8Q3.86SX system, or when the DMA is 
master. 


A1 


10 


B 


CPU and DMA Address 1. Ai will be driven by the Bus controller 
based on the byte enable signals when the 386 owns the bus. It is a 
Bus controller input in an 80386SX system, or when the DMA is 
master. 


BHE# 


100 


I 


Byte High Enable signal from the CPU and DMA. 


BE0-3# 


11-12,14-15 


I 


Byte Enable bits 0-3 from the 80386. 


UAO 


3 


B 


Unbuffered Micro Channel Address bit 0. This signal is generated by 
the bus controller based on the byte enable signals and A0 from the 
DMA. |t is also manipulated byethe swap logic, 


UA1 


4 


B 


Unbuffered Micro Channel Address bit 1 . This signal is generated by 
the bus controller based on the byte enable signals and A1 from the 
DMA. It is also manipulated by the swap logic. 

NOTE: 

For 80386SX systems, UA1 is unconnected, and should be lightly 
pulled up (1 OK). The channel AI is latched along with the upper 
address lines.) i 7 r 


UBHE# 


16 


B 


Unbuffered Midfo Channel System Bus High Enable. This signal is 
generated from BE0-3# when the 386 owns the bus, or BHE# from 
the DMA. In 80386SX systems, UBHE# is a reflection of the 
#0386SX BHE# output. 1; 
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82308 Micro Channel Bus Controller Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


UBE0-3# 


5-8 


B 


Unbuffered Micro Channel Byte Enable bits 0-3. These byte enable 
signals are driven by the bus controller when the CPU or DMA is 
master. (An external PAL is required to generate the channel byte 
enables on behalf of a 1 6-bit channel master that requests 
translation.) 


TR32 


99 


I 


Translate 32 from the Micro Channel to indicate 32 bit masters 
driving BE0-3# (when inactive). (Tie high for 80386SX system.) 


SAL 


18 





Latch enable for the system address bus. This signal controls the 
address latch between the CPU bus and channel. 


BEDIR 


17 





Direction control for the UBE0-3# transceiver. It is high when the 
Bus controller is driving UBE0-3#. 


PBA# 


48 


I 


Indicates that the DMA or numeric coprocessor has been selected 
and is using the local data bus. 


ROMEN# 


49 




Decode that inidicates that the BIOS ROM has been selected. 


DS16RTN 


50 




Micro Channel Data Size 16 signal. 


DS32RTN 


53 




Micro Channel Data Size 32 signal. 


ARB/GNT# 


54 




Micro Channel ARB/-GNT status. 


REFRESH# 


55 




Refresh Indicator. 


DMA# 


56 




Indicates that the DMA owns the bus. 


HLDA 


57 




CPU HLDA input, indicates CPU controls local address and data bus 
if low. 


WDL 


36 





Latch enable signal for latching data bus DO-31 for generating Micro 
Channel DO-31 signal. Insures Micro Channel write data hold time 
spec is met. 


DBE1# 


43 





Output Enable for driving data on CPU DO-7 onto Micro Channel 
DO -7 during CPU or DMA writes or Micro Channel DRAM reads. 


DBE2# 


44 





Output Enable for driving data oh CPU D8-15 onto Micro Channel 
D8-1 5 during CPU or DMA writes or Micro Channel DRAM reads. 


DWHE# 


45 





Output Enable for driving data on CPU D1 6-31 onto Micro Channel 
D16-3T. 


SBLW# 


41 





Output enable for driving data on Micro Channel DO- 1 5 onto CPU 
DO-15. 


SBHW# 


42 





Output enable for driving data on Micro Channel D16-31 onto CPU 
D16-31. 


MDIR 


32 





Direction control for transferring data between the CPU Data Bus and 
the DRAM memory data bus. 


MLW# 


29 





Output enable for the transceiver between the CPU data bus D0-1 5 
and the DRAM memory data bus. 


MHW# 


30 / 





Output enable for the transceiver between the CPU data bus D16-31 
and the DRAM memory data bus. 


ROMOE# 


73 





Output Enable signal for the BIOS ROMs. 


SWAP1# 


19 





Transceiver enable for transferring data between Micro Channel Data 
Bus 0-7 and 8-15. 
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82308 Micro Channel Bus Controller Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


SWAP2# 


20 





Transceiver enable for transferring data between Micro Channel Data 
Bus 0-7 and 16-23. 


SWAP3# 


21 


o 


Transceiver enable for transferring data between Micro Channel Data 
Bus 8-15 and 24-31. 


SWAP4# 


22 





Transceiver enable for transferring data between Micro Channel Data 
Bus 0-7 and 24-31. 


SWDIR 


23 





Direction control for Micro Channel Data Bus transceivers. 


DBL1 


33 





Latch enable for latching Micro Channel Data Bus 0-7. 


DBL2 


34 





Latch enable for latching Micro Channel Data Bus 8-15. 


DBL3 


35 





Latch enable for latching Micro Channel Data Bus 1 6-23. 


SCLK 


58 


I 


Microprocessor Clock. 


RESET 


59 


:.:.i 


Synchronized reset input to synchronize the internal clock with the 
processor phase. 


RDYRTN# 


80 


i 


Channel Ready Return signal from Micro Channel (active low). 


PRDYO# 


93 





Microprocessor ready signal. 


FP 


68 


I 


Processor Speed Select. (20 MHz = 1,16MHz = 0.) 


PRDYI# 


60 


i 


Synchronized microprocessor ready input. 


FRC# 


61 


I 


Fast ROM Cycle Select. When tied low, ROM cycles are run as Micro 
Channel default read cycles. When tied high, additional wait states 
are inserted to accommodate slower ROMs. 


RAMEN# 


62 


. ..■■:,;::;■ 


Decode that indicates a system board DRAM access. 


FCE# 


63 


I 


Input that directs BC to terminate a CPU system board DRAM 
access. 


UM/IO# 


64 


.:Jt;.-- 


Micro Channel Memory/ IO status. 


PD/C# 


65 


•I.--. 


CPU D/C# outpuL 


PW/R# 


66 


I 


CPU W/R# output. 


PADS# 


67 


I 


CPU ADS # output. (Indicates address valid.) 


PNA# 


71 


o 


Next Address Signal for address pipelining. 


S0#,S1# 


69,70 


B 


DMA Status lines; input by the BC when DMA is master, and output 
by the BC when CPU is master. 


UADL# 


78 


B 


Micro Channel Address Latch Signal. 


UMMCMD# 


40 


O 


Micro Channel Matched Memory Command Signal. 


UCMD# 


72 


B 


Micro Channel Command Signal. 


US0#,US1# 


76,77 


B 


Micro Channel Status. 


RSEL1 
RSELO 


27,31 


I 

'T " 


These two signals are used for hardware enforced I/O recovery. 
They are sampled at the leading edge of UCMD# during CPU 
initiated I/O cycles, and are used to select one of four possible I/O 
recovery times. At the end of the I/O cycle^ an internal timer is 
triggered, and then times Out after the selected I/O recovery time. 
The next I/O cycle is not allowed to proceed into the active UCMD# 
phase until the internal timer times out. RSEL1,0 can be strapped for 
a particular time, or else driven from a combinatorial address decode. 



4-574 



inteT 



82308 



mmm\(§e MFmrnfoYum 



82308 Micro Channel Bus Controller Pin Definitions (Continued) 



Signal 
Name 


Pin 
Number 


I/O 


Description 


FIN 


26 


I 


Asynchronous cache flush request Input. A pulse on FIN causes a 
cache flush. Also, If FIN is left active for a long period of time, the 
82385 will be kept in flush mode for as long as FIN is active. The 
exception to this is when the BC is directed to do a software initiated 
CPU reset when FIN is active. The BC will de-activate FLUSH for a 
period of time surrounding the falling edge of RSTCPU so as to 
prevent the 82385 from entering its self-test mode. If FIN is still active 
after the reset, then FLUSH will be re-activated. 


FLUSH 


46 





Synchronous flush request to the 82385 Cache Controller. 


SNOOP# 


47 


B 


Synchronous strobe to the cache controller to indicate valid address 
during a non-processor memory write. SNOOP # is sampled at reset 
to indicate the presence of a cache. (1 = cache present, = no 
cache.) 


PM/IO# 


28 


I 


CPU M/IO# output. 


WS# 


39 


I 


This input, if tied low, inserts an additional wait state into CPU reads 
from system board memory beyond the number of wait states 
requested via the FCE# input. It is primarily intended for cache 
applications, which typically require increased CPU data setup. 


NC 


1,25,51, 
52,75 




No Connect 


Vdd 


13,37,88 




Power 


Vss 


2, 24, 38, 
74,89 




Ground 
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NOTE: 

NC = No Connect 
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82308 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS* 

Case Temperature under Bias . . . . -40°C to + 85°C 
Storage Temperature -65°C to + 1 50°C 

Voltage to Any Pin with 

Respect to Ground -0.3V to (V C c+ 0.3)V 

DC Supply Voltage (V C c) -0.3V to + 7.0V 

DC Input Current ± 10 mA 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS 

T c = 0°C to +70°C, V C c = 5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Conditions 


V|L 


Input Low Voltage 




0.8 


V 




V|H 


Input High Voltage 


2.0 




V 




v, L 


Input Low Voltage 




0.8 


V 


SCLK 


V|H 


Input High Voltage 


V CC - 0.8 




V 


SCLK 


Vol 


Output Low Voltage 




0.4 


V 


Iql = 4 mA 


VOH 


Output High Voltage 


2.4 




V 


Ioh = 4 mA 


•cc 


Power Supply Current 




180 


mA 


No DC Loads 


Ili 


Input Leakage Current 




±10 


JLtA 


Vss < V| N < V CC 


loz 


Tri-State Output Leakage Current 




±10 


jutA 


Vss < VquT < V<X 
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82308 Micro Channel BUS CONTROLLER A.C. SPECS 

T c = 0°Cto +70°C, Vcc = 5V ±10% 



Symbol 


Parameter 


82308 


82308 


82308HS 


Cl(PF) 


Notes 


Conditions 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


T1 


SCLK PERIOD 


31.25 




25 




20 










T2A 


SCLK HIGH/LOW TIME (50%) 


12 




10 




8 










T2B 


SdLK HIGH/LOW TIME (90%) 


8 




6.5 




6 










T3 


R^SET SETUP 


10 




10 




10 










T4 


RESET HOLD 


4 




4 




4 










T5A 


RSTCPU DELAY 


2 


30 


2 


30 


2 


27 


25 






T5B 


RSTCPU PULSE WIDTH 


1980 




1580 




1260 




25 


14,20 




T6A 


FLUSH DELAY 


5 


41 


5 


34 


5 


28 


50 






T6B 


FLUSH PULSE WIDTH 


240 




190 




150 




50 


15, 20 




T6C 


SNOOP# DELAY 


5 


41 


5 


34 


5 


34 


50 






T7 


FIN PULSE WIDTH 


25 




25 




25 










T8A 


COMMAND I/O RECOVERY PULSE WIDTH 


600 




600 




600 






20 


RSEL1,0= 5 01 


T8B 


COMMAND I/O RECOVERY PULSE WIDTH 


2500 




2500 




2500 






20 


RSEL1.0 = 10 


T8C 


COMMAND I/O RECOVERY PULSE WIDTH 


10000 




10000 




10000 






20 


RSEL1,0 = 00 


T8D 


COMMAND I/O RECOVERY PULSE WIDTH 







o 











20 


RSEL1,0= 11 


T9 


RSEL0.1 SETUP 


15 




15 




15 






4 




T10 


RSEL0.1HOLD 


20 




20 




20 






4 




T11A 


PW/R#, PD/C#, PM/IO# SETUP 


25 




22 




13 










T11B 


PADS# SETUP 


25 




22 




17 










T12 


PADS#, PW/R#, PD/C#, PM/IO# HOLD 


4 




4~ 




4 










T13A 


UM/IO# SETUP TO UADL# I 


20 




20 




20 










T13B 


UM/IO# SETUP TO SCLK 


20 




20 




20 






8 




T14A 


UM/IO# HOLD FROM UADL# T OR 
UCMD# I 


20 




16 




16 






7 




T14B 


UM/IO# HOLD FROM SCLK 


20 




16 




16 






8 




T15 


PRDYO# DELAY 


4 


30 


4 


24 


3 


20 


75 






T16 


PRDY!# SETUP 


18 




18 




15 










T17 


PRDYI# HOLD 


3 




3 




3 










T18 


PNA# DELAY 





25 





25 


3 


28 


25 






T19A 


UADL# DELAY (TPHL) 


2 


24 


,2 


24 


2 


22 


25 






T19B 


UADL# DELAY (TPLH) 


2 


24 


2 


24 


2 


22 


25 






T20A 


UCMD# DELAY (TPHL) 


2 


23 


2 


20 


2 


20 


25 


2 




T20B 


UCMD# DELAY (TPLH) 


2 


25 


2 


23 


2 


20 


25 




* 


T21A 


UMMCMD# DELAY (TPHL) 


2 


23 


2 


20 


2 


20 


25 


2,5 




T21B 


UMMCMD# DELAY (TPLH) 


2 


25 


2 


23 


2 


20 


25 






T22A 


US0#, US1 # (TPHL) DELAY 


2 


27 


2 


26 


2 


24 


25 


2 




T22B 


US0#, US1 # (TPLH) DELAY 


2 


27 


2 


26 


2 


24 


25 






T22C 


US0#, US1 # (TPHL) DELAY FROM 
S0#,S1# 





27 





30 





30 


25 






T23 


S0#,S1# SETUP 


20 




20 




15 










T24 


S0#,S1# DELAY 


2 


35 


2 


30 


2 


22 


50 






T25 


A0.A1 DELAY FROM BE0-3# 


2 


35 


2 


30 


2 


25 


25 






T26 


UBE0-3#,UA0-1#,UBHE# 






















DELAY FROM BE0-3#, A0-1, BHE# 


2 


30 


2 


28 


2 


28 


25 






T28 


SAL DELAY 


2 


36 


2 


30 


2 


27 


100 






T30A 


SBHW# , SBLW# INACTIVE DELAY 
FROM SCLK 


2 


30 


2 


25 


2 


32 


50 


11,21 




T30B 


SBHW#, SBLW# DELAY FROM UADL# 


2 


40 


2 


40 


2 


40 


50 


25 





4-578 



iny 



82308 



mmmE wpQMMKrwm 



82308 Micro Channel BUS CONTROLLER A.C. SPECS 

T c = 0°C to +70°C, V C c = 5V ±10% (Continued) 



Symbol 


Parameter 


82308 


82308 


82308HS 


C L (PF) 


Notes 


Conditions 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


Min 


Max 


Min 


Max 


Min 


Max 


T30C 


SBHW#, SBLW# DELAY FROM UCMD# 


5 


35 


5 


35 


5 


35 


50 


10,25 




T30D 


SWDIR DELAY FROM UADL# 


2 


40 


2 


40 


2 


40 


100 


12 




T30E 


DWHE# DELAY FROM UADL# 


2 


40 


2 


40 


2 


40 


50 






T30F 


DWHE# DELAY FROM UCMD# 


5 


45 


5 


45 


5 


45 


50 


25 




T30G 


DBE1 #, DBE2# DELAY FROM UADL# 


2 


40 


2 


40 


2 


40 


25 






T30H 


DBE1 #, DBE2# DELAY FROM UCMD# 


5 


45 


5 


45 


5 


45 


25 


25 




T30I 


SWAP1 -4# DELAY FROM UADL# 


2 


40 


2 


40 


2 


40 


25 


25 




T30J 


SWAP1-4# DELAY FROM UCMD# 


5 


35 


5 


35 


5 


35 


25 


13,25 




T30K 


SBHW#, SBLW# ACTIVE DELAY FROM SCLK 


2 


40 


2 


40 


2 


40 


50 


11 




T30L 


SWDIR DELAY FROM UCMD# 


5 


40 


5 


40 


5 


40 


100 


13,25 




T30M 


SWDIR DELAY FROM DS16RTN, DS32RTN 


2 


35 


2 


35 


2 


35 


100 


12,25 




T30N 


SWAP1 -4# DELAY FROM UCMD# 


2 


35 


2 


35 


2 


35 


25 


11,25 




T31 


DBL1-3 SETUP TO UCMD#, UMMCMD# 


-4 




-4 




-4 




25 






T32 


WDL DELAY 


2 


32 


2 


26 


2 


21 


50 






T33 


DBL1-3DELAYT 


2 


27 


2 


25 


2 


22 


25 






T34A 


MHW#, MLW# ACTIVE DELAY FROM SCLK t 


2 


30 


2 


25 


2 


25 


50 


16 




T34B 


MHW#, MLW# INACTIVE DELAY FROM SCLK f 


2 


30 


2 


25 


2 


32 


50 


17,21,24 




,T34C 


MDIR DELAY FROM SCLK 


2 


40 


2 


40 


2 


40 


125 


22,24 




T34D 


MHW#, MLW# DELAY FROM UADL# 


2 


45 


2 


45 


2 


45 


50 


25 




T34E 


MHW#, MLW# DELAY FROM UCMD# 


5 


40 


5 


40 


5 


40 


50 


25 




T34F 


MDIR DELAY FROM UADL# 


2 


45 


2 


45 


2 


45 


125 


25 




T34H 


ROMOE# DELAY FROM SCLK 


2 


28 


2 


28 


2 


28 


50 






T34I 


MHW#, MLW# ACTIVE DELAY FROM SCLK i 


2 


35 


2 


35 


2 


35 


50 


18,23,25 




T34J 


MHW#, MLW# INACTIVE DELAY FROM SCLK T 


2 


35 


2 


35 


2 


35 


50 


19,24,25 




T35 


FCE# SETUP 


15 




15 




10 










T36 


FCE# HOLD 


3 




3 




3 










T37 


ROMEN#, RAMEN# SETUP 


20 




19 




19 










T38A 


DS16RTN, DS32RTN SETUP TO SCLK 


30 




30 




25 






6 




T38B 


DS16RTN, DS32RTN SETUP TO UADL# T 


15 




15 




15 






3 




T41 


RDYRTN# SETUP TO SCLK 


10 




10 




10 






9 




T42 


RDYRTN# HOLD FROM SCLK 


4 




4 




4 










T43 


IOEN#, FDACK# SETUP TO UADL# ACTIVE 


10 




10 




10 






25 




T44A 


P0-P3 SETUP TO SCLK 



















11 




T44B 


P0-P3 SETUP TO UCMD# 


3 




3 




3 






13,25 




T45 


P0-P3 HOLD 


12 




12 




12 










T46A 


CHRDY DELAY FROM IOEN# 


2 


30 


2 


30 


2 


30 


25 






T46B 


CHRDY DELAY FROM STATUS 


2 


25 


2 


25 


2 


25 


25 


25 




T46C 


CHRDY ACTIVE FROM MB COMMAND 


100 




90 




70 




25 


1,20 




T47A 


MB COMMAND DELAY FROM UCMD# ACTIVE 


75 




75 




75 




100 


1,20 




T47C 


MB COMMAND DELAY FROM UCMD# INACTIVE 


3 


40 


3 


40 


3 


40 


100 


1,25 




T48 


MB COMMAND PULSE WIDTH 


250 




225 




190 




100 


1,12,20 





I 

7 



NOTES: 

1. MB Commands include IOR, IOW, INTA#, VMRD# and VMWR#. 

2. These specs and cycle edge definitions support a worst case "effective" data setup of 40 ns for a 385 system at 20 MHz. 
(Effective setup means setup to the "386-like" front end created by the 385.) 

3. Spec applies only when master resides on Micro Channel. 

4. RSEL0.1 should be tied high or low, or else driven from a combinatorial address decode. 

5. UMMCMD# is only driven when the CPU is master. 

6. Applies only when CPU is master. 

7. T14A applies to the later of ADL# f or CMD# i . 

8. T13B, T14B apply to CPU or DMA master. 

9. RDYRTN# is an asychronous input. Meeting T41 simply guarantees recognition at a particular clock edge. 
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NOTES: 

10. Applies when DMA is master. 

1 1 . Applies when CPU is master. 

12. Applies when CPU or DMA is master. 

1 3. Applies when DMA or channel master is master. 

14. Functional Spec ... Not Tested (=64 SCLK Periods). 

15. Functional Spec ... Not Tested (= 8 SCLK Periods). 

16. READS AND PIPELINED WRITES 

17. READS 

18. NON-PIPELINED WRITES 

19. WRITES 

20. Functional Spec ... Not Tested 

NOTES (82308HS-25 ONLY): 

21. Contention will not occur when a write immediately follows a read because the 82385 insures at least one BTI state 
between a read followed by write sequence during which the data bus remains tri-stated. 

22. MDIR is generated and spaced from SCLK f instead of from SCLK I at it is in the 82308-16/20. 

23. In non-piped writes, MHW# and MLW# are generated from the phase 2 SCLK f edge rather than from SCLK 4 as in 
the 82308-16/20. 

24. Since MDIR toggles from the same clock edge that MHW# and MLW# are de-asserted from, contention is prevented 
by 82308-25 internal design such that MDIR is guaranteed to be slower than MHW# or MLW#. 

25. Only tested when UADL#, UCMD#, US0#, and US1 # are inputs; i.e., when MicroChannel is master. 
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DRIVE LEVELS AND MEASUREMENT POINTS FOR A.C. SPECIFICATIONS 



SCLKJ M -p^ \. 2V^^ 



-®- 



OUTPUTS I VALID 



INPUTS 



[ 

[ 



OUTPUT n 



1.5V 



-® 



MIN. 



MAX. 



1.5V 



VALID 
OUTPUT n+1 



©■ 



3.0V t 
0V 



1.5V VJUJ , 5V . 






LEGEND: 

A. Maximum Output Delay Specification. 

B. Minimum Output Delay Specification. 

C. Minimum Input Setup Specification. 

D. Minimum Input Hold Specification. 
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Input waveforms have tr <. 2.0 ns from 0.8V to 2.0V. 
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MEMORY DATA BUFFER CONTROL 

80386 ACCESSES TO MOTHERBOARD DRAM 
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Micro Channel DATA BUFFER CONTROL 386/DMA MASTER, 
DATA STEERING FOR CHANNEL MASTER TO CHANNEL SLAVE 



DMA STATES 
386 STATES 



ADL# 



CMD# 



SWAP1-4#,SBLW# ® . 
SBHW#, DWHE#, 
DBE1-2# 



DS16RTN, 
DS32RTN 



®- 



TS 
T2 T2 



:dc 



TC 
T2 T2P 



."UlUlUl 



T30C,F,H,J,N 



T30L, 1 - 



T30L 



TS 
TIP T2 



x: 



TC 
T2 T2P 



T30B,E,G,I 



r~i 



TS 
TIP T2 



X 



TC 
T2 T2P 



T3QL-* h*_ 



290187-36 

(DT30D applies to SWDIR only when all involved combinatorial data size inputs (DS16RTN, DS32RTN) are available 

early enough not to delay SWDIR. 

(DT30A and T30K apply only to SBHW# and SBLW#, and only when the 386 is master. 

(DT30B applies here when DMA data is routed to system board memory from the lower half of the data bus (D0-D15) to 

the upper half (D16-D31). 
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MEMORY/Micro Channel DATA BUFFER CONTROL 
DMA/CHANNEL MASTER ACCESSES TO MB DRAM 



DMA STATES 

STATUS 



ADL# 



CMD# 



MHW#, HLW# 



SBHW#,SBLW# 



DWHE#, DBE1-2# 



0' 



®' 



TC 



iT34E 



O Channel Master writes to MB DRAM. 
©Channel Master reads from MB DRAM. 



WRITE READ 

TS TC TS TC 
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(HARDWARE ENFORCED) I/O RECOVERY TIMING 
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82309 
ADDRESS BUS CONTROLLER 



■ Address Decoder 

■ DRAM Controller ... Up to Four Banks 
of Page Interleaved Memory (Max 16M) 

■ Refresh Timer 



Integrated I/O Ports and Registers 
Low Power CHMOS Technology 
100-Pin Plastic Quad Flat Packaging 

(See Packaging Spec, Order # 231369) 



The 82309 Address Bus Controller provides Address decoding for devices on the motherboard, including the 
shadowed DRAM address of the ROM BIOS. The Address Bus Controller also has integrated DRAM control- 
ler, Refresh Timer and miscellaneous registers for memory control and error recovery, specifically ports E0, 
E1.E3, E4, E5,E7and103. 

The 82309 Address Bus Controller provides the designer several price/performance choices for the configura- 
tion of up to 16 MBytes of Page Interleave DRAM memory on the motherboard. Up to four banks of 256K, 1M 
and 4M DRAMs are supported. 

The 82309 Address Bus Controller generates periodic refresh requests to the 82307 DMA controller to run 
refresh cycles. The 82309 does not use the Refresh Address generated by the DMA controller but provides its 
own refresh address to the 256K, 1M and 4M DRAMs. 
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PORTS AND REGISTERS 

Configuration bits SS1 and SS2 control the function 
of the Ports and Register Block. The Ports and Reg- 
ister Block, in turn, control the function of the Re- 
fresh Timer and the address mapping of the mother- 
board DRAMs and the BIOS EPROMs. 

SS1 and SS2 essentially select one of four defini- 
tions of the memory encoding registers (E0, E1), er- 
ror trace registers (E3, E4, E5, E7), and motherboard 
POS setup port (103). These defintions are depicted 
in Table 0, and go by the names System A, System 
B, System C and System D. 

System A presents a Model 50/60 compatible defi- 
nition of these ports. Specifically, Port 103 is defined 
as it is in the IBM PS/2 Model 50/60 Technical Ref- 
erence and ports E0-E7 are non-existent. System B 
presents a Model 80 compatible definition of these 
ports, as detailed in the IBM PS/2 Model 80 Techni- 
cal Reference. 

System B has a limitation in that due to the definition 
of the card enable bits in ports E0 and E1 (described 
later), it is limited to 4 Mbytes of system board mem- 
ory. System C overcomes this by making the card 
enable bits "free form"; i.e., accessible as read/ 



write bits, but otherwise meaningless in terms of 
their effect on the system. System C allows a Model 
80 type system to provide up to 1 6 Mbytes of system 
board memory. 

System D provides a Model 50/60 compatible defini- 
tion of port 1 03 and a Model 80 compatible definition 
of ports E0-E7. This system is targeted for designs 
that wish to present a Model 50/60 port definition, 
but wish to make use of features provided in the 
Model 80 register set, specifically the ability to copy 
ROM into RAM for increased performance. This sys- 
tem requires external logic (approx. 1 / 2 of a 16L8 
PAL) that essentially makes E0-E7 disappear from 
a software point of view once the ROM has been 
copied into RAM. (Details will be provided in the 
forth coming Intel Designers Guide for Micro Chan- 
nel Compatible Implementation. ) 

In systems A and D, bit (the Memory Enable Bit) is 
the only accessible bit in Port 103. This bit can be 
accessed via channel I/O Read and/or Write opera- 
tions. When Port 103 is read only bit is driven, all 
other data bus bits remain tristated. This bit is set to 
a 1 by RESET. When the Memory Enable Bit = all 
of the motherboard DRAM is disabled (but still re- 
freshed). In both systems A and D, the refresh timer 
produces a 400 ns pulse every 15.12 jus. In system 
D, mapping is controlled by ports E0 and E1 , as de- 



Table 0. Configuration Bits SS1, SS2 Definition 



Config Bits 


System 


Description 


SS1 


SS2 








A 


Model 50/60 Compatible Port 1 030 ) 
Registers E0-E7 Non-Accessible 


1 





B 


Model 80 Compatible Port 103 
Error Trace Registers E3, E4, E5 and E7 Accessible 
Memory Encoding Registers EO and E1 Accessible 
Compatible Card Enable Bits in E0 and E1 


• 1 : - 


1 


C 


Model 80 Compatible Port 103 
Error Trace Registers E3, E4, E5 and E7 Accessible 
Memory Encoding Registers E0 and E1 Accessible 
Free Form Card Enable Bits In E0 and E1 





1 


D 


Model 50/60 Compatible Port 103 

Error Trace Registers E3, E4, E5 and E7 Accessible 

(But Not Typically Used) 
Memory Encoding Registers E0 and E1 Accessible 
Free Form Card Enable Bits In E0 and Ei 



NOTES: 

1. Port 103 is a motherboard POS port; i.e., accessible only when the motherboard is in Setup Mode. 
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scribed in a moment. In system A, the other func- 
tions of the ports and register block are as follows; 

— The Split in the first megabyte is located at 640 
Kbytes. 

— If the motherboard DRAM space equals 
16 Mbytes then the remaining DRAM is disabled, 
otherwise the remaining 384 Kbytes are re- 
mapped to the first 384 Kbytes past the end of 
the motherboard DRAM address space, (i.e., if 
there are 4 Mbytes of DRAM then the split is 
remapped to address 00400000 •— ► 0045FFFF.) 

— The BIOS EPROMs are mapped to both 
000E0000 -* OOOFFFFF and 

FFFE0000 -> FFFFFFFF. 

In systems B and C, port 103 is defined as follows: 

— Port 103 bit (the Memory Enable Bit) is not 
accessible. 

— Port 103 bit 1 (the Refresh Rate Bit) is accessi- 
ble for write operations only. If this bit is a 1 then 
the Refresh Timer produces an approximately 
400 ns long pulse once every 15.12 jis. If this bit 
is a then the Refresh Timer produces a contin- 
uous stream of 400 ns pulses with a period of 
approximately 800 hs. This bit is set to a 1 by 
RESET. 

In systems B, C and D, ports EO, E1, E3, E4, E5 and 
E7 are defined as follows: 

— Four of the Read only Micro Channel Error Trace 
Registers (Ports 00E3» 00E4, 00E5 and 00E7) 
are accessible. (Typically, a system D design will 
not utilize these registers and will thus not re- 
quire any external logic to implement any error 
register support.) These registers sample 
SA<02:23>, M/!0#, D/C# and ARB/GNT# 
on every rising edge of the ERS input pin. The bit 
assignments for these registers are as follows: 



Bit 


00E3 


00E4 


00E5 


00E7 


7 


SA23 


SA15 


SA07 


— ' : ' 


6 


SA22 


SA14 


SA06 


— 


5 


SA21 


SA13 


SA05 


— 


4 


SA20 


SA12 


SA04 


— 


3 


SA19 


SA11 


SA03 


— . 


2 


SA18 


SA10 


SA02 


— 


1 


SA17 


SA09 


M/IO# 


. — 





SA16 


SA08 


ARB/GNT# 


D/C# 



These four registers are all set to 00 by RESET- 
When Register E7 is read, only data bus bit is 
driven by the ABC, data bus bit 1-7 remain tristated. 

— Registers EO and El are accessible via the chan- 
nel for both I/O read and I/O write operations. 
These two registers control the address mapping 
of both the motherboard DRAMs and the BIOS 
EPROMs. (The reset state of E0 and E1 is FF.) 
The two most significant bits of both of these 
registers are free form register bits and have no 
effect on the functioning of the ABC. The func* 
tioning of the two next most significant bits (bits 
5 & 4, the card enable bits) of both of these reg- 
isters are controlled by configuration bits SS2 
and SS1 as discussed in a moment. 

— The four least significant bits (bits 3, 2, 1 & 0) of 
register E1 are defined as follows: 

Bit 



3 2 10 




,. . . 

1 . . 

. . 

. 1 

. . . 


- Memory beyond split Enabled 

- Memory beyond split Disabled 

- Split is at 640K (OOOAOOOO) 

- Split is at 51 2K (00080000) 

- BIOS ROMs deactivated in 




000E0000 to OOOFFFFF 




BIOS ROMs active in 




FFFE0000 to FFFFFFFF 




Shadow RAM Write Protected 


1 


- BIOS ROMs active in 000E0000 




to OOOFFFFF 




BIOS ROMs active in 




FFFE0000 to FFFFFFFF 




Shadow RAM Writeabie; 



1 


- Parity Checking enabled 

- Parity Checking disabled 



If the memory beyond the Split is enabled by bit 3 
then the four least significant bits (bits 3, 2, 1 & 0) of 
register 00E0 define the address range in memory 
where the portion of the first megabyte of system 
RAM beyond the split will be remapped. Bits 3, 2, 1 
& of this register correspond to address bits 23, 
22, 21 & 20 of the remap location for this memory. 
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Bit 2 of register E1 defines the partitioning of the 
first megabyte of the motherboard DRAM. Figure 
details the effect of this bit. The S in the remap 
addresses represents the value of the four least 
significant bits of register E0. 



E1 bit 2 


= 




= 1 




00000 


00000000 

to 
0009FFFF 




00000000 

to 
0007FFFF 


00000 
7FFFF 






80000 


9FFFF 






OOSOOOOO 




A0000 








OOSOOOOO 




to 






to 




00S5FFFF 






00S3FFFF 








DFFFF 








DFFFF 


E0000 


OOOEOOOO 


OOOEOOOO 


EOOOO 




to 




to 




FFFFF 


OOOFFFFF 




OOOFFFFF 


FFFFF 



Figure 0. Partition of First Megabyte of DRAM 

There is DRAM mapped in the address range 
OOOEOOOO to OOOFFFFF. The function of this 
DRAM is controlled by bit 1 of register E1 . If bit 1 
= 1 then this RAM is writeable but not readable 
(thus the BIOS EPROMs can be Shadowed by 
Reading and Writing to the same address). If bit 
1 = then the BIOS EPROMs are disabed and 
this area of RAM is read enabled but write pro- 
tected. 

When bit 1 of register E1 is a 1 both the 
ROMEN# and the RAMEN# signals will re- 
spond to accesses in the range OOOEOOOO to 
OOOFFFFF. In this way, the 82308 Bus Controller 
knows to direct reads to ROM and writes to RAM 
to allow shadowing. (In system Q, if memory is 
disabled via bit of port 103, then ROM is en- 
abled in OOOEOOOO to OOOFFFFF, regardless of 
the status of bit 1 in E1 .) 

Bit of register E1 is output to the Bus Controller 
on the PCE# pin for use as an (active low) Parity 
Check Enable control bit. 



In system B, the amount of the physical mother- 
board DRAM that is accessable is controlled by 
the card enable bits (bits 5 and 4 of registers EO 
and E1). These four bits act as enables (active 
low) for each of the first four megabytes of the 
physical motherboard DRAM space. Any addi- 
tional DRAM controlled by the ABC will be re- 
freshed but is otherwise disabled. 



Register 


Function 


EO 


El 


Bit 5 


Bit 4 


Bit 5 


Bit 4 





X 


X 


X 


Megabyte #3 Enabled 


1 


X 


X 


X 


Megabyte #3 Disabled 


X 





X 


X 


Megabyte #2 Enabled 


X 


1 


X 


X 


Megabyte #2 Disabled 


X 


X 





X 


Megabyte # 1 Enabled 


X 


X 


1 


X 


Megabyte # 1 Disabled 


X 


X 


X 





Megabyte #0 Enabled 


X 


X 


X 


1 


Megabyte #0 Disabled 



All megabytes that are enabled by these bits are 
mapped into one continuous block (with the ex- 
ception of the Split from the first active mega- 
byte) starting at address 00000000. (Thus if 
megabyte #0 is disabled, then the rest of the 
megabytes are remapped down to the range 
00000000 to 002FFFFF, etc.) 

In systems C and D, bits 5 and 4 of both regis- 
ters EO and E1 are free form register bits and 
have no effect on the functioning of the ABC. 



DRAM CONTROLLER 

The DRAM controller supports page interleaved 
memory designs in the configurations shown in Ta- 
ble 1. This table also details which channel address 
bits map to which DRAM address bits. Note that 
even though options D and G are two-bank options, 
the ABC thinks of these banks as and 2, not banks 
and 1, i.e., use RASO, RAS2, CAS0# and CAS2#. 

Table 1 describes the basic memory configurations 
A through N. However, a wide variety of additional 
options can be easily realized by building on A 
through N with minimal external address decode log- 
ic. These additional options include the ability to mix 
DRAM types (for example 256K and 1M DRAMs in 
the same system), and allow for a great deal of flexi- 
bility in memory upgrade paths. Examples of how to 
do this are included in the Designer's Guide for Mi- 
cro Channel Compatible Implementation. 
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Table 1. Memory Configuration Options and Channel Address-To-DRAM Address Mapping 



Opt 


Size 


Memory Configuration Options 


Page Size 


A 


1M 


1 Bank of 256K DRAMs (x 32) Page Mode 


512 


B 


1M 


2 Banks of 256K DRAMs (x 1 6) Page Mode 


512 


c 


2M 


1 Bank of 1 M DRAMs (x 16) Page Mode 


1024 


D 


2M 


2 Banks of 256K DRAMs (x 32) Page Mode 


512 


E 


2M 


4 Banks of 256K DRAMs (x 1 6) Page Mode 


512 


F 


4M 


1 Bank of 1 M DRAMs (x 32) Page Mode 


1024 


G 


4M 


2 Banks of 1M DRAMs (x 16) Page Mode 


1024 


H 


4M 


4 Banks of 256K DRAMs (x 32) Page Mode 


512 


I 


8M 


1 Bank of 4M DRAMs (x 1 6) Page Mode 


2048 


J 


8M 


2 Banks of 1 M DRAMs (x 32) Page Mode 


1024 


K 


8M 


4 Banks of 1 M DRAMs (x 1 6) Page Mode 


1024 


L 


16M 


1 Bank of 4M DRAMs (x 32) Page Mode 


2048 


M 


16M 


2 Banks of 4M DRAMs (x 1 6) Page Mode 


2048 


N 


16M 


4 Banks of 1 M DRAMs (x 32) Page Mode 


1024 
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Ps :> Page Select Ws ^ Word Select Bs ^ Bank Select 

NOTE: 

Options A, C, F, I & L use Bank 
Options D & G use Bank & 2 



Options B, J & M use Bank & 1 
Options E, H, K & N use all Banks 
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Typically, zero wait state pipelined page hit perform- 
ance, can be achieved at 16 MHz using 100 ns or 
1 20 ns DRAMs, resulting in an aggregate of 0.5 to 
0.8 wait states on average. The same DRAMs at 
20 MHz will yield 1 wait state page hits. 

At power-up, the 82309 Address Bus Controller 
samples its memory address bus to determine the 
desired system configuration. (This operation is de- 
scribed in detail later in the data sheet under "MAD 
BUS RESET CONFIGURATION".) The three config- 



uration switches, CO, C1 and C2 are used to select a 
specific performance level as measured in page hit/ 
page miss wait states. DRAM selection involves not 
only selecting a DRAM, but also choosing delay line 
taps to control the sequence of DRAM control sig- 
nals, and then choosing the performance level that 
can be reliably supported using a particular DRAM 
and set of delay line taps. The next several pages 
describe all the available configuration options, and 
following this is a DRAM/Delay Tap selection guide 
along with some sample calculations. 



Table 2, 82309 ABC Configuration and CPU Pert ormance(3) 



(D 
(D 
(D 



Config Inputs 


Pipelined 
Read 


Pipelined 
Write 


Non-Pipelined 
Read 


Non-Pipelined 
Write 


Reference 
Figures 


CO 


C1 


C2 


Hit 


Miss 


Hit 


Miss 


Hit 


Miss 


Hit 


Miss 














2 


1(2) 


2 


1 


3 


1(2) 


3 


1,4 








1 
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1(2) 


3 


1 


4 


1(2) 


4 


1,4 





1 
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8 


3 


8 


3,5 



NOTES: 

1. These three configuration options feature 0WS pipelined page read hits. Strapping for one of these directs the ABC to 
determine whether a cycle is a page hit or miss, and to generate CAS# one SCLK phase earlier then the other options. 
Hence, these options are only supported at 16 MHz. 

2. Note that both pipelined and non-pipelined write page hits run 1WS in these three configuration options. 

3. The ABC completely controls the wait state counts in memory cycles according to this table via its FCES# output. The 
BC can however, (via its WS# strap) insert an additional wait state beyond those stated above in memory reads. (The WS# 
strap is intended for cache systems, which typically require additional data setup.) 
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PADS# 



"\. 



PRDYI# 



FCES# 



CAS# 



n 



El 



U 



T2P 



u 



JTT 

.A 

.Hi 



FCES# FIRED NON-CAUSALLY 

(BEFORE HIT/MISS OUTCOME IS KNOWN). SO 

BOTH SPECS T20A AND T20B APPLY 

DE-ACTIVATE FCES# . 



/ri\ 

if 

it 

it 

n 



SINCE MEM WRITES 
CANNOT RUN 0WS 
PIPELINED 

ACTIVATE FCES# TO . 
END WRITE (FCES# IS FIRED 
CAUSALLY HERE, SO ONLY T20A 
APPLIES.) 



EVEN THOUGH THIS IS A T2P STATE, . 

THE ABC DOES NOT SEE A NEW ADDRESS, 

MADE24, OR M/lO# UNTIL THE NEXT T2P. 

SINCE THE BC DOES NOT OPEN THE 

TRANSPARENT CHANNEL ADDR LATCH UNTIL THE 

BEGINNING OF THE LAST STATE OF A 

NON- BROADCAST DRAM CYCLE. 



"U 



.A 

.rx 

'XL 



n 



Wl 



i 
r 

i 



ACTIVATE FCES# (NON-CAUSALLY), SINCE 
WRITES CAN RUN 1WS NON-PIPELINED 



290188-2 



NOTE: 

Once the ABC fires FCES# to terminate a DRAM cycle, it remains active until the ABC detects the actual CPU end of 
cycle via the PRDYI# input. This allows the BC or any other external device to extend DRAM cycles if desired. 

Figure 1. 0/2, 0/3, 0/4 Page Hits 
(Cycles Named According to Pipelined Read Performance) 
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Figure 2. 1/4, 1/5, 1/6, 1/7 Page Hits 
(Cycles Named According to Pipelined Read Performance) 
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Figure 3. 2/7 Page Hit 
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\ THE BC LATCHES THE CHANNEL ADDR 
f (VIA ITS SAL OUTPUT) AND HOLDS IT 
J UNTIL THE BEGINNING OF THE LAST 
CYCLE STATE. HENCE, THE ABC ONLY 
EFFECTIVELY SEES ONE STATE OF 
PIPELINED ADDR, EVEN THOUGH THE 
CPU EXECUTES MULTIPLE T2P STATES. 



FCES# IS FIRED NON-CAUSALLY 

IN ANTICIPATION OF A HIT, BUT IS 

THEN NEGATED ONCE THE HIT/MISS 

OUTCOME IS KNOWN. 



WHEN STRAPPED FOR 0/2, 0/3, OR 0/4, 

THE HIT/MISS DECISION IS MADE AT THE 

PHASE 2 SCLK EDGE IN THE MIDDLE 

OF EITHER TIP OR THE FIRST T2. THE 

EQUIVALENT DECISION POINT FOR ANY OTHER 

STRAPPING IS ONE SCLK PHASE LATER. 
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Figure 4. 0/2, 0/3, 0/4 Page Misses (Diagram Depicts 0/3 Operation. 
In 0/2, FCES# Fired One State Earlier. In 0/4, FCES# Fired One State Later.) 
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Figure 5. 1/4, 1/5, 1/6, 1/7, 2/7 Page Misses (Diagram Depicts 1/5 Operation. 

FCES# is Fired One State Earlier in 1/4 Operation, One State Later in 1/6 

Operation, and Two States Later in Either 1/7 or 2/7 Operation.) 
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DRAM AND DELAY LINE TAP SELECTION 

This chapter illustrates the methods that should be used to determine the delay line taps for a given DRAM, 
and the number of wait states a given DRAM will require. 

The Flow Chart below should be used to select a DRAM/Delay line tap combination that meets the perform- 
ance requirements of a system. 



CHOOSE SYSTEM FREQUENCY AND USE OF CACHE 



CHOOSE THE DESIRED PAGE HIT/MISS 
PERFORMANCE FROM TABLE 2 



SELECT A DRAM/TAP COMBINATION THAT MEETS THE 
ABOVE REQUIREMENTS 



CHOOSE DRAM 



CALCULATE DELAY LINE TAPS 
USING EQUATIONS 1 ,2,3 & 4 



CALCULATE TM AND TH 
USING EQUATIONS 5 & 6 



USING PHASE COUNTS DERIVED FROM 

TABLE 3, VALIDATE THE DRAM SELECTION 

USING EQUATIONS 7 & 8 



IF THE DRAM DOES NOT MEET THE REQUIREMENTS 

EITHER CHANGE THE CHOICE OF DRAMS AND 

RECALCULATE 1-8, OR CHANGE THE PERFORMANCE 

EXPECTATIONS 

IF THE DRAM MEETS THE REQUIREMENTS BY A LARGE 
MARGIN A SLOWER DRAM COULD BE USED OR THE 
PERFORMANCE EXPECTATIONS CAN BE INCREASED 
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DELAY LINE TAP SELECTION 



Function of the 4 Delay Line Taps 

DLY1— Guarantees max. DRAM data from CHRDY 
on Micro Channel 

DLY2— Guarantees the minimum RAS to CAS de- 
lay and DRAM address setup to CAS 

DLY3 — Guarantees min. RAS# precharge time 

DLY4— Guarantees min. address hold to RAS# 



Simplified DRAM Tap Selection 
Equations 

DLY1 is the maximum of the following: 
80386 System— 

Trac(Max)-10 (1a) 

Trcd(Min) + Tcac (Max) (1b) 
Tasc (Min) + Trah (Min) + Tcac (Max) + 20 (1c) 
80386SX System— 

Trac (Max) - 25 (1a) 

Trcd (Min) + Tcac (Max) - 15 (1b) 
Tasc (Min) + Trah (Min) + Tcac (Max) + 5 (1c) 
DLY2 is the maximum of the following: 

Trcd (Min) + 10 (2a) 

Tasc (Min) -I- Trah (Min) + 30 (2b) 

DLY3 = Trp (Min) (3) 

DLY4 = Trah (Min) + 10 (4) 



DRAM Access Time Calculations 

Two access time parameters have been derived, 
one for hits (Th) and one for misses (Tm). These are 
the time from the decision to start a DRAM access 
to the time that data is available to the motherboard 
CPU. 



Th = Tcac (Max) + K1 

Tm is the maximum of the following: 

DLY3 + Trac (Max) + K2 
(RAS Path Limited) 



(5) 



(6a) 



DLY3 + DLY2 + Tcac (Max) + K3 

(CAS Path Limited) (6b) 

The constants K1 , K2 and K3 in equations 5 and 6 
are simply a sum of all the propagation delay ele- 
ments in the appropriate data access path including 
capacitive load derating: 

„- _ ABCCAS# DLY . CAS# BUFFER DLY 
M "" (T41A) + (INCLUDE DERATE) 

, DATA BUFFER DLY _ AAR 
+ (T657) " 44 ' 5 



K2 = 



ABC DSTB DLY , NOR GATE DLY 
(T32E) + ('AS02) 

, ABC RAS DLY , RAS BUFFER DLY 
+ (T32G) + (INCLUDE DERATE) 

, DATA BUFFER DLY _ 7Q 
+ ('F657) ~ ' y 



„o - ABC DSTB DLY , 2X NOR GATE DLY 
* d ~ (T32E) + CAS02) 

, ABC CAS # DLY , CAS# BUFFER DLY 
+ (T34) + (INCLUDE DERATE) 

. DATA BUFFER DLY _ fi1 c 
+ ('F657) ~ 815 

(See Figure 6 for a diagram of the timing model 
used.) 
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Figure 6. DRAM Timing Analysis Model 

Tables 2 and 3 define the number of DRAM wait states that the motherboard CPU will see for all combinations 
of the configuration bits CO, CI and C2. 

Table 3. Configuration and DRAM Calculation Clock Phase Counts 



PH, PM Definition Examples 

C0,C1,C2s 001 



Config Inputs 


SCLK 
Phases 


CO 


CI 


C2 


PK 


PM 











3 


7 








1 


3 


9 





1 





3 


11 





1 


1 


4 


10 


1 








4 


12 


1 





1 


4 


14 


1 


1 





4 


16 


1 


1 


1 


6 


16 



CAS# 



|*-Ph 



T2P 



\LM 



C0.C1.C2 ■ 011 



CAS# 



\L 



T1 T2 T2 T2 T2 T2 T2P 



m 
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NOTES: 

1. The phase counts are from the clock edge that either fires CAS# (Hit) or fires DSTB (Miss) to the end of cycle, as 
shown above. . : 

2. Cache systems typically require additional read data setup. The BC WS# (Wait State) strap inserts an additional wait 
state into system board memory reads, and can be used to accommodate this increased setup if required. If WS# is tied 
low, then the phase counts above all increase by two. 
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Validation of DRAM Selection 

After Th and Tm have been calculated the perform- 
ance expectations of the DRAM can be checked. 

First the number of clock phases both hit and miss 
DRAM cycles are allowed are calculated. For Con- 
figurations 0, 1 & 2 this is 2 x the number of non- 
pipelined waitstates + 1. For other Configurations 
this is just 2 X the number of non-pipelined wait- 
states. The phases for hits are called Ph, Pm for 
misses. 

The following equations must then be satisfied: 

Ph/(2*Clk Freq.) - Th - CPU Data setup £ (7) 

Pm/(2*Clk Freq.) - Tm - CPU Data setup :> (8) 

Two examples of Delay Line Tap Selection and 
DRAM Performance Verification are given below, 
one for an 80386 system and one for an 80386SX 
system. 

Sample Calculation— 80386 20 MHz 100 ns 
DRAMs 1 /5 Performance 

Target Dram 

Key Specs (ns) 

Trac 100 

Trp 80 

Trah 15 

Trcd 25 

Tasc 

Tcac 35 

Delay Line Calculations 

DLY3 = Trp = 80 ns 

DLY4 = Trah + 10 = 15 + 10 = 25 ns 

DLY2 = Trcd + 10 = 25 + 10 = 35 ns 
or 
= Tasc + Trah + 30 = + 15 + 30 = 45 ns 

DLY1 = Trac - 10 = 100 - 10 = 90 ns 

or 
= Trcd + Tcac = 25 + 35 = 60 ns 

or 
= Tasc + Trah + Tcac + 20 
= + 15 -I- 35 + 20 = 70 ns 



Page Hit Access Time & Performance 

Th = Tcac + 44.5 

= 35 + 44.5 = 79.5 ns 

80386 Data Setup Time = 10 ns 

1 Waitstate Margin (Pipelined) 

Ph/(2*CLK Freq.) - Th - 386 Data Setup = 100 - 79.5 - 10 

= 10.5 ns 

Page Miss Access Time & Performance 

Tm is the maximum of EQN 6a and 6b. 

Tm = DLY3 + Trac + 79 
= 80 + 100 + 79 = 259 



Tm = DLY3 + DLY2 + Tcac + 81.5 
= 80 + 45 + 35 + 81.5 = 241.5 

5 Waitstate (Pipelined) Margin 

Pm/(2* CLK Freq.) - Tm - 80386 Data Setup = 300 - 259 - 10 

= 31 ns 

Sample Calculation— 80386SX 16 MHz 100 ns 
DRAMs 

0/3 Performance 

Only DLY1 changes 

DLY1 = Trac - 25 = 100 - 25 = 75 ns 

Delay Line Summary 

DLY1 75 

DLY2 45 

DLY3 80 

DLY4 25 

Page Hit Access Time & Performance 

Th = Tcac + 44.5 
= 35 + 44.5 = 79.5 

80386SX Data Setup = 5 ns 

Waitstate Margin (Pipelined) 

Ph/(2* CLK Freq.) - Th - 80386SX Data Setup > - 

93.75 - 79.5 - 5 - 9.25 ns 



Delay Line Summary 

DLY1 90 

DLY2 45 

DLY3 80 

DLY4 25 
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Page Miss Access Time & Performance 

Tm = 259 

(Same as for 20 MHz 386 Case) 
3 Waitstate Margin (Pipelined) 

Pm/(2* CLK Freq.) - Tm - 80386SX Data Setup > = 

281.25 - 259 - 5 = 17.5 ns 

MAD BUS RESET CONFIGURATION 

The ABC samples the MAD bus at the falling edge of 
RESET to determine system configuration as 
shown: 

Table 4 



MAD Bus Bits 


Options 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





























256K DRAMs 





1 




















1M DRAMs 


1 


1 




















4M DRAMs 

























32 Bit Memory 






















1 


16 Bit Memory 

























SS1 =0 




















1 




SS1 '= 1 


























Invalid 



















1 






Single Bank 
















1 









Two Banks 
















1 


1 






Four Banks 

























Reserved 














1 










Normal Mode 

























C2 = 












1 












C2= 1 

























C1 = 










1 














C1 = 1 

























CO = 








1 
















CO = 1 

























SS2 = 






1 


















SS2 = 1 



NOTES: 

1. When either MAD09 or MAD10 is sensed as a zero, it's 
output driver is tri-stated, thus allowing these two pins to 
be tied directly to ground. For example, if 1M DRAMs are 
used, MAD10 should be tied to ground, since 1M DRAMs 
only require use of bits 0-9. MD09 should be lightly pulled 
up(~ 10K). 

2. For MAD bits 0-8, any bit that is to be sensed as a one 
should be lightly pulled up. Any bit that is to be sensed as 
a zero must be driven low by a tri-state driver that is active 
while the ABC RESET input is active, and then tri-stated 
from the falling edge of RESfeT, as depicted in the figure: 




t>o— * 



TO DRAM 



3. MAD4 sensed as a is a reserved state. This bit should 
be lightly pulled up. 

4. MAD0 is typically configured low for an 80386 system, 
and high for an 80386SX system. 

5. MAD1 and MAD8 are respectively the system select bits 
SS1 and SS2. These bits determine the definition of ABC 
ports E0, E1 and 103, as described in the section on ABC 
ports and registers. 

6. MAD5, MAD6 and MAD7 are respectively the DRAM 
performance select bits C2, C1 and CO. The effect of these 
bits is described in the DRAM control section. 
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82309 Address Bus Controller Pin Definitions 


Signal 
Name 


Pin 
Number 


I/O 


Description 


A < 00:23 > 


42-50, 
53-67 


I 


Micro Channel Address to 23 


HIMEM# 


84 


I 


Micro Channel Address 24 to 31 = FF (Active Low). Used in 
decoding the top-of-memory mapping of the BIOS EPROMs. 


MADE24 


85 


I 


Micro Channel Address 24 to 31 = 00 (Active High) 


ROMEN# 


32 





EPROM Decode. In systems that support shadow RAM, if ROM is 
enabled (bit 1 in port E1), accesses to ROM space actually generate 
both ROMEN# and RAMEN#. In this mode, reads are from ROM, 
and writes are to RAM. 


RAMEN# 


33 





DRAM Decode 


IOEN# 


34 





Motherboard I/O devices decode (Active Low). Decode also 
includes memory decode of video RAM. 


LCSCS# 


35 





Chip Select for the LCS (82306) Chip (Active Low). Decodes address 
range 0-3FFH when CPU master, or 100-3FFFH when CPU is not 
master. 


VMSEL# 


36 





VGA Memory Space Selected (Active Low) (OOOAOOOO-OOOBFFFF) 


S0# 


89 




Micro Channel S0# Signal 


S1# 


90 




Micro Channel S1 # Signal 


PM/IO# 


41 




Microprocessor M/IO# Signal 


PW/R# 


91 




Microprocessor W/R# Signal 


PD/C# 


92 




Microprocessor D/C# Signal 


PADS# 


93 




Microprocessor ADS # Signal 


SCLK 


94 




Microprocessor CLK2 


HLDA 


95 




HLDA Signal from the Processor 


PRDYI# 


96 




R E AD Y# Signal from the Processor 


M/IO# 


86 




Micro Channel M/IO# Signal 


CMD# 


87 




Micro Channel CMD Signal 
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82309 Address Bus Controller Pin Definitions (Continued) 


Signal 
Name 


Pin 
Number 


I/O 


Description 


WE 


73 





DRAM Write Enable Signal (Active High) 


RAS<0:3> 


76^79 





DRAM RAS Strobes (Active High) 


CAS#<0:3> 


80-83 





DRAM CAS Strobe Enables (Active Low) 


MAD<00:10> 


17-23, 
27-30 


B 


DRAM Muxed Address bus. These signals are sampled at reset to 
determine ABC configuration. 


DSTB 


70 


O 


Output to Delay Line. A pulse put into the delay line controls page 
miss timing. 


DLY<1:4> 


12-14,71 


I 


Inputs from the Delay Line. DLY1 controls CHRDY timing in non-CPU 
cycles. DLY2 controls RAS active to CAS active timing. DLY3 
controls RAS precharge, and DLY4 controls row-to-column address 
multiplex. 


CHRDY 


72 





DRAM Ready Signal (Active High) 


REFRESH # 


15 


I 


Refresh Operation in Progress (Active Low) 


FCES# 


31 





Request to BC to terminate CPU accesses to system board memory. 


TINCLK 


40 


I 


14.3 MHz Clock for Refresh Timer 


RFRQ# 


37 





Refresh Request (Active Low) 


TMRCLK 


39 





14.3 MHz Clock divided by 12 to get 1.19 MHz. 


FRQ# 


68 





Asynchronous Cache Flush Request. Activated in I/O writes to ports 
E0,E1, or 100-107 (PQS Address Space). 


EXEN# 


69 





Re$d/Write Strobe for Ports OOE0-OOE7 (Active Low) 


ERS 


8 


I 


Sampling Strobe for Ports 00E2-00E7 


PD 


9 


I 


Select Signal for POS Register 1 0X 


ARB/GNT# 


10 


I 


Micro Channel ARB/GNT# Signal 


D<0:7> 


97-100, 
3-6 


I/O 


Data Bus 


PCE# 


7 





Enable Parity Checking (MER < > ) 


RESET 


11 


I 


Synchronous reset input. RESET falling edge used to synchronize 
ABC internal clock to CPU phase. 


NC 


1,25, 
51,52,75 




No Connect 


V D D 


26, 28 




Power 


Vss 


2,16,24, 
38,74 




Ground 
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NOTE: 

NC = No Connect 
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82309 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS* 

Case Temperature under Bias ... -40°C to + 85°C 
Storage Temperature -65 C to + 1 50°C 

Voltage to Any Pin with 

Respect to Ground -0.3V to (Vcc+ 0.3) V 

DC Supply Voltage (V C c) -0.3V to + 7.0V 

DC Input Current ± 10 mA 



""Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS 

T c = 0°Cto +70°C, Vcc = 5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Conditions 


V IL 


Input Low Voltage 




0.8 


V 




V.H 


Input High Voltage 


2.0 




V 




V|L 


Input Low Voltage 




0.8 


V 


SCLK 


V| H 


Input High Voltage 


Vcc ~ 0.8 




V 


SCLK 


Vol 


Output Low Voltage 




0.4 


V 


Iql = 4 mA 


V H 


Output High Voltage 


2.4 




V 


Iqh = 4 mA 


'cc 


Power Supply Current 




180 


mA 


No DC Loads 


Ili 


Input Leakage Current 




±10 


juA 


v S s < v, N < Vcc 


loz 


Tri-State Output Leakage Current 




±10 


jllA 


VsS < V OUT < V CC 
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82309 ADDRESS BUS CONTROLLER A.C. SPECS 

T c = 0°C to + 70°C, V C c = 5V ± 10% 



Symbol 


Parameter 


Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 


CL(PF) 


Notes 


rai qiiicivi 


Mln 


Max 


Min 


Max 


Min 


Max 




T1 


SCLK PERIOD 


31.25 




25 




20 








T2A 


SCLK HIGH/LOW TIME (50%) 


12 




10 




8 








T2B 


SCLK HIGH/LOW TIME (90%) 


8 




6.5 




6 








T3 


RESET SETUP 


10 




10 




10 








T4 


RESET HOLD 


4 




4 




4 








T5A 


STATUS SETUP TO SCLK 


11 




11 




8 






1 


T5B 


CMD# SETUP TO SCLK 


11 




11 




8 






1 


T6 


PADS#,PW/R#,PD/C#,PM/IO# SETUP 


25 




22 




13 








T7 


PADS#,PW/R#,PD/C#,PM/IO# HOLD 


4 




4 




4 








T8 


ADDRESS,M/IO#,MADE24,REFRESH# SETUP 


10 




10 




10 








T9 


ADDRESS,M/IO#,MADE24,REFRESH#HOLD 


10 




10 




10 








T10 


ADDRESS, M/IO# SETUP 


40 




50 




36 






3 


T11 


ADDRESS, M/10# HOLD 


30 




30 




30 






3,12 


T12 


MADE24 SETUP 


32 




40 




28 






3 


T13 


MADE24 HOLD 


30 




30 




30 






3,12 


T14 


M/IO#,ARB/GNT# SETUP TO ERS 


20 




20 




20 








T15 


M/IO#,ARB/GNT# HOLD FROM ERS 


10 




10 




10 








T16 


PRDYI# SETUP 


18 




18 




15 








T17 


PRDYI# HOLD 


3 




3 




3 








T18A 


ROMEN#,RAMEN#,IOEN#,VMSEL# 
DLY FRM MADE24 HIMEM# 


2 


30 


2 


30 


2 


30 


75 




T18B 


ROMEN#,RAMEN#,IOEN#,VMSEL# 
DLY FRM ADDR 


2 


38 


2 


38 


2 


38 


75 


15 


T18C 


ROMEN # ,RAMEN # ,IOEN # ,VMSEL# 
DLY FRM A20 


2 


35 


2 


35 


2 


35 


75 


15 


T19 


LCSCS# DELAY 


2 


45 


2 


45 


2 


45 


75 




T20A 


FCES# DELAY FROM SCLK 


3 


45 


3 


35 


3 


30 


25 


5 


T20B 


FCES# DLY FRM ADDR, M/IO#, MADE24 




50 










25 


2,5 


T21 


PD SETUP TO CMD#t 


100 




100 




100 








T22 


WRITE DATA SETUP 


30 




30 




30 








T23 


WRITE DATA HOLD 


5 




5 




5 








T24 


READ DATA VALID DELAY 




200 




200 




200 


75 




T24A 


CMD # 4 TO READ DATA LOW-Z 


25 




25 




25 




75 




T25 


READ DATA FLOAT DELAY 


2 


35 


2 


35 


2 


35 


75 




T26 


EXEN# DELAY (INACTIVE) 


2 


50 


2 


50 


2 


50 


50 




T26A 


EXEN# DELAY (ACTIVE) 


25 


150 


25 


150 


25 


150 


50 




T27A 


CHRDY DELAY (FROM ADDR) 


2 


50 


2 


50 


2 


50 


50 


4,5,7 


T27B 


CHRDY DLY FROM STATUS OR CMD # 





33 





33 





33 


50 


4,5,7 


T29 


TMRCLK HIGH/LOW TIME 


300 




300 




300 




50 




T30 


RFRQ# PULSE WIDTH 


300 




300 




300 




50 




T31 


TINCLK HIGH/LOW TIME 


21 




21 




21 








T32B 


CMD# T -RAS 4 (REFRESH CYCLE ONLY) 





55 





55 





55 


75 


10 


T32C 


CMD#T-CAS#f 





38 





38 





38 


75 




T32E 


SCLK-DSTB I 


4 


27 


4 


27 


4 


27 


50 


8 


T32F 


DLY3T-DSTBT 





50 





50 





50 


50 




T32G 


DLY3T-RAST 


4 


26 


4 


26 


4 


26 


75 




T32I 


SCLK-RASi 


8 


40 


8 


40 


8 


40 


75 


8 


T33 


DLY1 4 TO CHRDY | 


5 


30 


5 


30 


5 


30 


50 




T34 


DLY2 4 TOCAS#i 


3 


27 


3 


27 


3 


27 


75 
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82309 ADDRESS BUS CONTROLLER A.C. SPECS (Continued) 







Kit 16 MHz 


Kit 20 MHz 


Kit 25 MHz 






Symbol 


Parameter 








CL(PF) 


Notes 


rciifiiiivivi 


Min 


Max 


Min 


Max 


Min 


Max 




T35 


CMD# i TO CAS# 4/ (WRITE CYCLES ONLY) 


25 


115 


25 


115 


25 


115 


75 


6 


T39A 


WE DLY FROM STATUS 


2 


30 


2 


30 


2 


30 


75 


14 


T39B 


WE DLY FROM CMD# f 


2 


30 


2 


30 


2 


30 


75 


14 


T41A 


CAS# i DELAY FROM SCLK (READS) 


2 


30 


2 


30 


2 


30 


75 


\ 


T41B 


CAS# f DELAY FROM SCLK 


5 


34 


5 


34 


5 


34 


75 


9 


T41C 


CAS#i DELAY FROM SCLK (WRITES) 


2 


38 


2 


38 


2 


38 


75 




T43A 


ADDR TO MAD DELAY (COLUMN ADDR) 




45 




45 




40 


75 


13 


T43B 


SCLK TO MAD DELAY (COLUMN ADDR) 




36 




36 




31 


75 


13 


T43C 


CMD# TO MAD DELAY (COLUMN ADDR) 




38 




38 




38 


75 


13 


T43D 


SCLK TO MAD DELAY (ROW ADDR) 




50 




50 




50 


75 


13 


T44 


WE DELAY FROM SCLK 


2 


42 


2 


42 


2 


42 


75 




T45 


DLY4 i TO MAD 


6 


32 


6 


32 


6 


32 


75 




T46 


MAX PAGE MODE RAS ACTIVE 


15 /as 


15 fxs 


15 /AS 




10,11 



NOTES: 

1. Status and CMD# are asychronous inputs. T5 simply guarantees that they are recognized at a particular clock edge. 

2. FCES# is speced from address only in 0WS pipelined/1 WS non-pipelined memory cycles, which are only supported at 
16 MHz. 

3. Address, M/IO# and MADE24 setup and hold times are speced relative to the Phase 2 SCLK edge only in 0WS pipe- 
lined/1 WS non-pipelined memory cycles, which are only supported at 16 MHz. (This Phase 2 edge is in the middle of the 
first T2 state, or the middle of the T1 P state.) 

4. The 82309 de-activates CHRDY for motherboard I/O and VGA Memory cycles (as decoded by IOEN#), and then re-acti- 
vates it when CMD# is activated. The 82309 also de-activates CHRDY for non-CPU (DMA or channel master) accesses to 
motherboard DRAM that are decoded as page misses. CHRDY is then re-activated according to the appropriate external 
DRAM control delay line tap (DLY1), or else when CMD# is activated, whichever comes later. 

5. FCES# is used to terminate CPU accesses to motherboard DRAM, as these cycles are not broadcast on the Micro 
Channel. CHRDY is used to terminate DMA and channel master accesses to motherboard DRAM, which are broadcast. 

6. The large value for T35 (Min) guarantees that data being written into motherboard DRAM by a channel master or DMA 
controller has adequate time to propogate through the data buffers between the channel or DMA and memory. T35 (Min) is 
guaranteed on any non-CPU write, both page hit and page miss. (The Micro Channel specs 0NS of data setup to CMD# 
active.) T35 (Max) applies only when CMD# J,-to-CAS# J is indeed the limiting spec; specifically, when neither T34 (Max) 
nor T41 A (Max) limits CAS * activation. 

7. The 82309 guarantees that any time it de-asserts CHRDY, it will not re-assert it untji after CMD# is activated. 

8. These specs are referenced with respect to the causal SCLK edge, which differs in different frequency systems. At 
16 MHz, the appropriate edge is one clock phase after the edge that recognizes status in non-CPU cycles, or one phase 
after the edge that samples PADS# active in CPU cycles. At 20 MHz, the appropriate edge is two clock phases after these 
events. The 82309 distinguishes 16 MHz from 20 MHz via the memory performance configuration inputs CO, C1 and C2, 16 
MHz is assumed anytime these inputs indicate a zero wait state pipelined read page hit. (CO, CI, C2 = 000,001,010). 

9. This spec insures a minimum CAS# high time of 25 ns at 16 MHz. (16 MHz is the worst case since the CAS# inactive 
and CAS# active SCLK edges are only one phase apart. At 20 MHz, these edges are always at least two phases apart.) 

10. Refresh cycles are RAS only, and are forced to b§ page misses. Thus, the refresh interval (typically 15 /is) defines the 
required page mode RAS active time. RAS is de-activated at the end of a refresh cycle since typical page mode DRAMs 
spec a maximum RAS active time less than 15 /is for refresh cycles. (Note that the first access to any bank following a 
refresh cycle is also a forced page miss.) 

11. Functional spec only ... Not tested. Max page mode RAS active is governed by refresh interval. 

12. TIL and T13 are speced relative to the clock edge that samples the page hit/miss outcome. This edge also is used by 
the 82309 to internally latch the channel address. At 20 MHz, T1 1 & T13 are speced relative to the end of the first T2 state 
or the end of T1P. Note, however, the large T11 & T1 3 values in the spec, which seem like they would be difficult to meet 
going directly into a T2P, where the CPU puts out a new address. This is not a problem, however, since the minimum 
memory cycles at 20 MHz run T1»T2*T2P*T2P«T1P»T2P»T2P, and the 823Q8 does not open the transparent channel 
address latch until the beginning of the last T2P, i.e., the 82309 effectively only sees the last T2P in terms of pipelined 
addressing regardless of how many T2P states the CPU actually executes. 

13. T43A, T43B, and T43C all refer to column address, as the 82309 assumes a page hit as the default case until proven 
otherwise. In case of a page miss, the row address is muxed onto the MAD lines from the same clock edge that de-activates 
RAS and fires a pulse (DSTB) into the delay line. The column address is then muxed onto the MAD lines by delay tap DLY4. 

14. In Non-CPU cycles, WE (active high from the 82309) is simply an inverted version of channel SQ#, which indicates a 
write cycle when low. This signal is internally latched (transparent latch) by the leading edge of CMD#, and then released by 
the trailing edge of CMD#, hence the need for T39B. 

15. A20 typically has more logic in its path than the other address bits, hence the tighter spec. T18B applies to all bits 
except A20. 
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DRIVE LEVELS AND MEASUREMENT POINTS FOR A.C. SPECIFICATIONS 



SCLKI 2V^^ \^ 2Vn^ 



-®- 



OUTPUTS 



-® 



MIN. 



[HHEi^jE 



MAX. 



VALID 
OUTPUT n+1 



INPUTS 



[ 



LEGEND: 

A. Maximum Output Delay Specification. 

B. Minimum Output Delay Specification. 

C. Minimum Input Setup Specification. 

D. Minimum Input Hold Specification. 
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Input waveforms have tr <> 2.0 ns from 0.8V to 2.0V. 
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DMA MASTER . . . BACK-TO-BACK RD PAGE HITS 



CMD# 



"T 



CAS# 



T41A(16MHz) 



STATUS & CMD# ARE ASYNCHRONOUS 

INPUTS. MEETING T5A & T5B SIMPLY 

INSURE THAT THE INPUTS ARE 
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J 
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L 
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EDGE AT WHICH BOTH STATUS AND 

CMD# ARE RECOGNIZED. 
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The requirement that T5B be met before CAS# is allowed (one or two phases later) insures adequate CAS# high time 
in back-to-back cycles. (One SCLK phase at 16 MHz; Two SCLK phases at 20 MHz.) 
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82077 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 



Single-Chip Floppy Disk Solution 
— 100% PC-AT Hardware Compatible 
— 100% PS/2TM Hardware Compatible 

— Integrated Drive and Data Bus 
Buffers 

Integrated Analog Data Separator 

— 250 Kbits/sec 

— 300 Kbits/sec 

— 500 Kbits/sec 

— 1 Mblts/sec (82077-1 only) 

High Speed Processor Interface 
Vertical Recording Support 



12 mA Data Bus Drivers, 40 mA Disk 
Drivers 

Four Fully Decoded Drive Select and 
Motor Signals 

Programmable Write Precompensatlon 
Delays 

Addresses 256 Tracks Directly, 
Supports Unlimited Tracks 

16 Byte FIFO 

68-Pin PLCC 



The 82077 floppy disk controller has completely integrated all of the logic required for floppy disk control. The 
82077, a 24 MHz crystal, a resistor package and a device chip select implements a PC-AT or PS/2TM solution. 
All programmable options default to compatible values. The dual PLL data separator has better performance 
than most board level/discrete PLL implementations. The FIFO allows better system performance in multi- 
master systems (e.g. PS/2TM). 

The 82077 is fabricated with Intel's CHMOS III technology and is available in a 68-lead PLCC (plastic) pack- 
age. 





>«;3i85iei!t>88 2>« 

nnnnnnnnnnnnn 


13 

n 


n 


n 


LJ 

2 

n 




• 9 • 8' 7 6 5 4 3 2 1 68 67 66 65 64 63 62 


61 




A2C 




11 W 












60 


3 v cc 


DB0C 












59 


3Vss 


v SS C 


12 












58 


DDS0 


DB1C 


13 












57 


DME0 


DB2C 


14 












56 


3DIR 


DB3C 


15 












55 


3 STEP 


v ss C 


16 












54 


3 v ss 


DB4C 

v CC C 


■J 82077 












53 
52 


3 WRDATA 
DWE 


DB5C 


19 












51 


dHDSEL 


DB6C 


20 












50 


3 v ss 


VssC 


21 












49 


DDENSEL 


DB7C 


22 












48 


Dmfm 


INTC 


23 












47 


3NC 


DRQC 


24 












46 


3av cc 


TCC 


25 












45 


3AV SS 


INDXC 


26 












44 


DNC 




27 28 29 30 31 32 33 34 35 36 37 38 39 40 


41 


42 43 






IDENT C 

DRATEO C 

DRATE1C 

DRV2C 

DSKCHG C 

RESET C 

X2C 
INVERT C 

v SS C 

LOFIL C 
HIFIL C 

v CC C 
v CC C 

RDDATA C 
NCC 
NCC 


290166-1 


Figure 1. 82077 Pinout 










"For a complete data sheet, please refer to the Floppy Disk 














Controller section of the Intel Microprocessor and Peripeherial 














Handbook (Volume II. Per ipeherials ) " . 















PS/2TM is a trademark of IBM. 
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82706 
INTEL VIDEO GRAPHICS ARRAY 



Single Chip Video Graphics Array for 
IBM PC/XT/AT*, Personal System/2* 
and Compatible Systems 

100% Gate, Register, and BIOS Level 
Compatibility with IBM VGA 

EGA/CGA/MDA BIOS Compatibility 



Inmos IMSG 171 Palette/DAC Interface 

4 mA Drive Capability on Output Pins 

Implemented in High Speed CHMOS III 
Technology 

Available in 132-Pin Plastic Quad Flat 
Pack Package 

(See Packaging Spec. Order #231369) 



The 82706 is the Intel VGA compatible display controller. It is 100% register compatible with all IBM VGA 
modes and provides software compatibility at the BIOS level with EGA, CGA, and MDA. All video monitors 
designed for IBM PS/2* systems are supported by the Intel VGA controller. The 82706 provides an 8-bit video 
data path to any Inmos IMSG 171 compatible palette/DAC. It also acts as a CRT controller and video memory 
controller. The 82706 supports 256 Kbytes of video memory. 

The 82706 is designed for compatibility with the Intel 80286 and 80386 microprocessors and other microproc- 
essors. 

Implemented in low power CHMOS technology, the 82706 VGA Controller is packaged in a fine pitch (25 mil) 
surface mount gull wing package. It can be enabled or disabled under software control via the 82306 Peripher- 
al Bus Controller. 

•IBM. PC, XT, AT, Personal System/2, PS/2, and MicroChannel are trademarks of International Business 
Machines. 




Figure 1. Block Diagram 
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PLASTIC QUAD FLAT PACK (PQFP) 
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Pinout (Top View) 



4-619 



inteT 



82706 



wyMi^ist 



82706 PIN DESCRIPTION 

Left side of package (top view): 



Number 


Name 


Active 


I/O 


Description 


1 
2 
3 
4 


AB4 
AB5 
AB6 
AB7 


HI 
HI 
HI 
HI 








DRAM address bus, planes 2 and 3 (continued from top side 
of package). 


5 


V D D 








6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 
A19 


HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 




System address bus, from current MicroChannel* master. 
Used to select display buffer words, VGA registers, or video 
DAC registers. 


26 


MCS 


LO 




Display buffer (memory) select, generated from A24:20. 
These inputs do not qualify I/O cycles. 


27 


RESET 


HI 




Device reset. Tri-States all VGA pins when active. 


28 


RAMEN 


HI 




RAM Enable. When inactive, tri-states all VGA DRAM 
interface pins to allow board test of DRAMs or to allow 
another device to share control of the DRAM. 


29 


SENSE 


HI 


I 


Switch sense input. The state of this pin can be read from 
Input Status register, bit 4, and indicates if a monochrome or 
color monitor is attached to the Display Connector. BIOS 
requires this information to set the video mode correctly. 


30 


SETUP 


LO 


I 


VGA Setup. Used during Programmable Option Select (POS) 
operation. Analogous to MicroChannel-CD SETUP signals for 
the other adapter slots. After RESET, the 82706 requires the 
setup pin to be pulled low. An I/O write to port address XX2h 
must write a "1 " to data bit while setup is low. Then setup 
must be pulled high. Once this is complete, the 82706 can 
respond to CPU accesses* 


31 


VGAEN 


HI 


I 


VGA Enable. Allows VGA to respond to memory or I/O cycles 
when active. 


32 
33 


FCO 
FCI 
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82706 PIN DESCRIPTION (Continued) 



Bottom sid 


s of package 


top view) 






Number 


Name 


Active 


I/O 


Description 


34 


v ss 








35 
36 
37 
38 


RASO 

fpst 

RAS2 
RA$3 


LO 
LO 
LO 
LO 








Row Address Strobe for plane 0. 
Row Address Strobe for plane 1 . 
Row Address Strobe for plane 2. 
Row Address Strobe for plane 3. 


39 


WE 


LO 





RAM Write Enable for all planes. 


40 


Vdd 








41 


CA§ 


LO 





Column Address Strobe for all planes. 


42 
43 


HSYNC 
VSYNC 








Horizontal and Vertical Sync to Display Connector. 
These are programmable to be active high or low. 


44 


BLANK 


LO 





Video Blank to Video DAC and Display Connector. 


45 


Vss 








46 


RD 


LO 


I 


Read Strobe, active for memory or I/O cycles. 


47 


WR 


LO 


I 


Write Strobe, active for memory or I/O cycles. 


48 


MIO 


HI 


I 


Memory /IO; high for memory cycles, low for I/O. 


49 


01 






Pull up to VDD using 10K resistor. 


50 
51 
52 


0S2 

0S3 

EXTCLK 




I 
I 
I 


Video clocks. OS2 (28.3 MHz) is used for modes with 720 
pixel horizontal resolution. OS3 (25.1 7 MHz) is used for 
modes with 320 or 640 pixel horizontal resolution. EXTCLK is 
a MicroChannel video extension signal, which allows using a 
user-defined clock. 


53 


Vss 








54 


DCLK 







Pixel clock to Video DAC. 


55 
56 


DACR 
DACW 


LO 
LO 






Video DAC read and write strobes. 


57 


v DD 








58 
59 
60 
61 
62 
63 
64 
65 


P7 
P6 
P5 
P4 
P3 
P2 
P1 
PO 


HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 












Pixel output bus to Video DAC. 


66 


Vss 
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82706 PIN DESCRIPTION (Continued) 



Right side of package (top view): 






Number 


Name 


Active 


I/O 


Description 


67 


V D D 








68 
69 


07 
D6 


HI 
HI 


I/O 
I/O 


System data bus. The VGA may be accessed by any 
MicroChannel bus master. 


70 


D5 


HI 


I/O 




71 


D4 


HI 


I/O 




72 


D3 


HI 


I/O 




73 


02 


HI 


I/O 




74 


D1 


HI 


I/O 




75 


DO 


HI 


I/O 




76 


Vss 








77 


RDY 


HI 





Bus ready signal. 


78 


INTR 


LO 





Interrupt request. When enabled, (NTR is activated during 
vertical retrace. 


79 


DEN 


LO 





Data Enable to the VGA's data bus transceiver. The direction 
of the transceiver is controlled by the bus controller array. 


80 


SFDBK 


LO 





VGA Selected Feedback. Active when VGA is address 
selected for a memory or I/O cycle, as an acknowledgement 
of its presence at the address specified. Used during 
diagnostics. 


81 


V D D 








82 
83 


D00 
D01 


HI 
HI 


I/O 
I/O 


DRAM data bus, plane 0. 


84 


D02 


HI 


I/O 




85 


D03 


HI 


I/O 




86 


D04 


HI 


I/O 




87 


D05 


HI 


I/O 




88 


D06 


HI 


I/O 




89 


D07 


HI 


I/O 




90 


Vss 








91 
92 


D10 
D11 


HI 
HI 


I/O 
I/O 


DRAM data bus, piane 1 . 


93 


D12 


HI 


I/O 




94 


D13 


HI 


I/O 




95 


D14 


HI 


I/O 




96 


D15 


HI 


I/O 




97 


D16 


HI 


I/O 




98 


D17 


HI 


I/O 




99 


V D D 
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82706 PIN DESCRIPTION (Continued) 



Top side of package (top view): 






Number 


Name 


Active 


I/O 


Description 


100 


v S s 








101 


D20 


HI 


I/O 


DRAM data bus, plane 2. 


102 


D21 


HI 


I/O 




103 


D22 


HI 


I/O 




104 


D23 


HI 


I/O 




105 


D24 


HI 


I/O 




106 


D25 


HI 


I/O 




107 


D26 


HI 


I/O 




108 


D27 


HI 


I/O 




109 


Vdd 








110 


D30 


HI 


I/O 


DRAM data bus, plane 3. 


111 


D31 


HI 


I/O 




112 


D32 


HI 


I/O 




113 


D33 


HI 


I/O 




114 


D34 


HI 


I/O 




115 


D35 


HI 


I/O 




116 


D36 


HI 


I/O 




117 


D37 


HI 


I/O 




118 


v S s 








119 


Vdd 








120 


AA0 


HI 





DRAM address bus, planes and 1 . 


121 


AM 


HI 







122 


AA2 


HI 







123 


AA3 


HI 







124 


AA4 


HI 







125 


AA5 


HI 







126 


AA6 


HI 







127 


AA7 


HI 







128 


v S s 








129 


ABO 


HI 





DRAM address bus, planes 2 and 3. 


130 


AB1 


HI 







131 


AB2 


HI 







132 


AB3 


HI 








FUNCTIONAL DESCRIPTION 

The 82706 interfaces the host processor and video 
memory, and provides palette DAC support and dis- 
play of video data. All accesses between the host 
and video memory go through the 82706. These ac- 
cesses are arbitrated with display refresh require- 
ments to allow the CPU to read or write video mem- 
ory at any time without having to wait for display 
retrace. 

Video memory contains 256 Kbytes organized as 
four 64K x 8 maps. The starting address of the video 
memory in the host address space is programmable, 
providing three different start addresses. Display 
data from video memory is formatted into an 8-bit 
value clocked out on pins P0-P7, which may drive a 
DAC or go directly to a TTL monitor interface. 



CRT Controller 

In addition to generating horizontal and vertical sync 
timings, the CRT controller (CRTC) generates ad- 
dressing for DRAM refresh and timings to support 
the cursor and underline capabilities. 



Graphics Controller 

The graphics controller provides the interface be- 
tween video memory and both the host processor 
and the attribute controller. In alphanumeric (A/N) 
modes, display data is latched from video memory 
and sent in parallel to the attribute controller. In All 
Points Addressable (APA) modes, latched display 
data is serialized before being sent to the attribute 
controller. 
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Two read modes and four write modes are support- 
ed. Processor reads to video memory cause one 
byte from each of the four memory maps to be 
latched. Read mode causes the host processor to 
read this latched data from a selected map, allowing 
access to each bit plane separately. Read mode 1 
causes the pixel values in each selected map to be 
compared to a reference value stored in the Color 
Compare register. Each bit of the byte read contains 
a 1 when the latched pixel value matches the refer- 
ence value. 

Memory maps may be masked for write operations, 
allowing the host processor to update any or all 
memory maps with a single 8-bit access. In write 
mode 0, logical operations may be performed be- 
tween pixel data latched by the previous read opera- 
tion and either write data, which may be rotated, or 
data stored in the Set/Reset register. Logical opera- 
tions supported are AND, OR, XOR, or write data 
unmodified. Write mode 1 simply copies latched 
data to the memory maps. Write Modes 2 and 3 are 
similar to write mode 0. In write mode 2, each en- 
abled memory map is updated with 8 bits of the val- 
ue in the corresponding bit position of the write data. 
Write mode 3 writes each enabled map with 8 bits of 
the value in the Set/ Reset register. The bit mask 



value is derived by ANDing write data with the value 
in the bit mask register. 



Attribute Controller 

Display data in APA modes, and character generator 
and attribute data in A/N modes is sent to the attri- 
bute controller from the graphics controller. The at- 
tribute controller handles cursor insertion, panning, 
underlining, and blinking. The 8-bit per pixel output 
value is available on pins P0-P7. 



Sequencer 

The sequencer generates DRAM memory timings 
and arbitrates all accesses to video memory. It in- 
serts CPU memory cycles at appropriate times be- 
tween display memory fetches. The sequencer con- 
tains map mask registers which can prevent maps 
from being updated by memory accesses. 

Preliminary product information describes products 
for which full characterization data is not yet avail- 
able. Intel believes this information is accurate and 
reliable. However, it is subject to change without no- 
tice. 



Table 1. Modes of Operation 



GRAPHICS MODES 


Mode 


Resolution 


Colors 


4,5 


320x200 


4outof256K 


6 


640x200 


2outof256K 


D 


320x200 


16outof256K 


E 


640x200 


16outof256K 


F 


640x350 


Monochrome 


10 


640x350 


16outof256K 


11 


640x480 


2outof256K 


12 


640 x 480 


16outof256K 


13 


320x200 


256outof256K 



ALPHA (TEXT) MODES 


Mode 


Rows 


Columns 


Char. Box 


Resolution 


Colors 


0,1 


25 


40 




9x16 


320x200 (CGA) 
320x350 (EGA) 
360x400 (VGA) 


16outof256K 
16outof256K 
16outof256K 


2,3 


25 


80 




9x16 


640 x 200 (CGA) 
640x350 (EGA) 
720x400 (VGA) 


16outof256K 
16outof256K 
16outof256K 


7 


25 


80 




9x16 


720x350 (EGA) 
720x400 (VGA) 


Monochrome 
Monochrome 
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REGISTER SET 










Register Name 


R/W 


Index 


Read Port 


Write Port 


GENERAL REGISTERS 


Miscellaneous Output 


W 
R 




03CC 


03C2 


Input Status 


R 




03C2 




Input Status 1 


R 




03?A 




Feature Control 


W 
R 




03CA 


03?A 


GRAPHICS CONTROLLER 


Graphics Address 


R/W 




03CE 


03CE 


Set/Reset 


R/W 


00 


03CF 


03CF 


Enable Set/Reset 


R/W 


01 


03CF 


03CF 


Color Compare 


R/W 


02 


03CF 


03CF 


Data Rotate 


R/W 


03 


03CF 


03CF 


Read Map Select 


R/W 


04 


03CF 


03CF 


Graphics Mode 


R/W 


05 


03CF 


03CF 


Miscellaneous 


R/W 


06 


03CF 


03CF 


Color Don't Care 


R/W 


07 


03CF 


03CF 


Bit Mask 


R/W 


08 


03CF 


03CF 


SEQUENCER 


Sequencer Address 


R/W 




03C4 


03C4 


Reset 


R/W 


00 


03C5 


03C5 


Clocking Mode 


R/W 


01 


03C5 


03C5 


Map Mask 


R/W 


02 


03C5 


03C5 


Character Map Select 


R/W 


03 


03C5 


03C5 


Memory Mode 


R/W 


04 


03C5 


03C5 


ATTRIBUTE CONTROLLER 


Address 


R/W 




03C0 


03C0 


Palette Registers 


R/W 


00-0F 


03C1 


03C0 


Attribute Mode Control 


R/W 


10 


03C1 


03C0 


Overscan Color 


R/W 


11 


03C1 


03C0 


Color Plane Enble 


R/W 


12 


03C1 


03C0 


Horizontal PEL Panning 


R/W 


13 


03C1 


03C0 


Color Select 


R/W 


14 


03C1 


03C0 
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Register Name 


R/W 


Index 


Read Port 


Write Port 


CRT CONTROLLER 


CRT Controller Address 


R/W 




03?4 


0374 


Horizontal Total 


R/W 


00 


03?5 


03?5 


Horizontal Display Enable 


R/W 


01 


03?5 


0375 


Start Horizontal Blanking 


R/W 


02 


03?5 


0375 


End Horizontal Blanking 


R/W 


03 


03?5 


0375 


Start Horizontal Retrace Pulse 


R/W 


04 


03?5 


03?5 


End Horizontal Retrace 


R/W 


05 


0375 


0375 


Vertical Total 


R/W 


06 


b&>5 


0375 


Overflow 


R/W 


07 


03?5 


0375 


Preset Row Scan 


R/W 


08 


03?5 


0375 


Maximum Scan Line 


R/W 


09 


0375 


03?5 


Cursor Start 


R/W 


0A 


03?5 


0375 


Cursor End 


R/W 


0B 


03?5 


0375 


Start Address High 


R/W 


OC 


03?5 


03?5 


Start Address Low 


R/W 


0D 


03?5 


0375 


Cursor Location High 


R/W 


0E 


03?5 


0375 


Cursor Location Low 


R/W 


OF 


03?5 


0375 


Vertical Retrace Start 


R/W 


10 


03?5 


0375 


Vertical Retrace End 


R/W 


11 


0375 


0375 


Vertical Display Enable End 


R/W 


12 


0375 


0375 


Offset 


R/W 


13 


, 03?5 


0375 


Underline Location 


R/W 


14 


03?5 


0375 


Start Vertical Blank 


R/W 


15 


0375 


0375 


End Vertical Blank 


R/W 


16 


03?5 


0375 


CRTC Mode Control 


R/W 


17 


03?5 


0375 


Line Compare 


R/W 


18 


03?5 


0375 



NOTES: 

? = B in Monochrome Emulation Modes 
? = D in Color Emulation Modes 
All addresses are given in Hex 



Register Name 


R/W 


Index 


Read Port 


Write Port 


VIDEO DIGITAL TO ANALOG CONVERTER 


PEL Address (Write Mode) 


R/W 




03C8 


03C8 


PEL Address (Read Mode) 


W 






03C7 


DAC State 


R 




03C7 . 




PEL Data 


R/W 




03C9 


03C9 


PEL Mask 


R/W 




03C6 


03C6 



NOTE: 

1. DAC state register is located on the 82706. PEL Address, PEL Data, and PEL mask are located on the Palette DAC. The 
82706 decodes accesses to these registers to generate DACR and DACW. 
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82706 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS* 

Case Temperature Under Bias — -40°C to + 85°C 

Storage Temperature . . - 65°C to + 1 50°C 

Voltage to Any Pin with 
Respect to Ground .... -0.3V to + (V C c + 0.3)V 

DC Supply Voltage (V C c) • • • -0.3 to + 7.0V 

DC Input Current ±10 mA 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables aire subject to change. 



D.C. CHARACTERISTICS T c = o°cto +70°c, v C c = 5V ±10% 




Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




Vol 


Output Low Voltage 




0.4 


V 


I l = 4 mA (Note 1) 


VOH 


Output High Voltage 


2.4 




V 


Ioh = 4 mA (Note 1) 


VOL1 


Output Low Voltage 




0.4 


V 


Iql = 2 mA (Note 2) 


Vom 


Output High Voltage 


2.4 




V 


Ioh = 2 mA (Note 2) 


•cc 


Power Supply Current 




100 


mA 




Ili 


Input Leakage Current 




10 


fxA 


V S S < V|N < V CC 


loz 


Tri-State Output 
Leakage Current 


-10 


10 


julA 


V SS < v OUT < V CC 



NOTES: 

1 . Applies to all outputs except those listed in Note 2. 

2. Applies only to pins INTR, DEN, FC0, FC1, and WE. 
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A.C. CHARACTERISTICS T c - O^Cto + 70°C, V C c = 5V ±10% 

Timing Requirements 

AG Timings are referenced to 1.5V 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


T1 


Clock Cycle Time 


35 


10000 


ns 




T2 


Clock High Time 


10 


10000 


ns 


.:.,.. , , :> 


T3 


Clock Low Time 


14 


10000 


ns 




T4 


A1 9:0, MIO Valid to RD or WR Low 


35 




ns 




T4A 


A1 9:0, MCS Hold from CAS Low 







ns 


(Note 6) 


T4B 


A1 9:0, MCS Hold from RD High 







ns 


(Note 7) 


T4C 


RDY High to RD, WR High 







ns 


(Note 5) 


T5 


WR Pulse Width 


70 




ns 


(Note2) 


T6 


D7:0Set-UptoWRHigh 


60 




ns 


(Note 2) 


17 


WR High to D7:0 Hold 


16 




ns 


(Notes 2, 8) 


T7A 


DEN High to D7:0 Hold 







ns 


(Notes 1,8) 


T7B 


RDY High to D7:0 Hold 







ns 


(Note 6) 


T7C 


WR Low to D7:0 Valid 




30 


ns 


(Note 6) 


T8 


D37:00 Valid to CLK High 







ns 




T9 


CLK High to D37:00 Hold 


40 




ns 




T9A 


CAS High to D37:00 Hold 







ns 





Timing Responses 

AC Timings are referenced to 1 .5V 










Symbol 


Parameter 


Min 


Max 


Units 


Notes 


T10 


DCLKHighTime 


7 




ns 


(Note 3) 


T11 


DCLK Low Time 


9 




ns 


(Note 4) 


T12 


P7:0 Valid to DCLK High 


12 




ns 




T13 


DCLK High to P7:0 Invalid 


15 




ns 




T13A 


DCLK High to BLANK Valid 




40 


ns 




T13B 


DCLK High to HSYNC, VSYNC Valid 




65 


ns 




T14 


A1 9:0 MIO Valid to SFDBK Valid 




60 


ns 




T15 


RD Low to D7:0 Valid 




60 


ns 




T16 


RD High to D7:0 Invalid 







ns 




T17 


RD High to D7:0 Float 




20 


ns 
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A.C. CHARACTERISTICS T c = 0°Cto + 70°C, V C c = 5V ±10% (Continued) 


Symbol 


Parameter 


Min 


Max 


Units 


Notes 


T18 


RD.WRLowtoDENLow 




65 


ns 




T19 


RD, WR High to DEN High 


5 


30 


ns 




T20 


WR High to DEN High 


6 




ns 


(Note 2) 


T21 


CAS Low to D37.-00 Valid 




70 


ns 




T22 


RD, WR Low to DACR, DACW Low 




55 


ns 




T23 


RD, WR High to DACR, DACW High 


4 


25 


ns 




T24 


RD.WRLowtoRDYLow 




40 


ns 




T25 


CLK High to RDY High 





60 


ns 




T26 


DATA Hold from RDY High 







ns 


(Note 6) 


T27 


CLK High to RAS 3:0 Low 




50 


ns 




T27A 


RAS Low to CAS Low 


50 


70 


ns 




T27B 


RAS Low to CAS High 


60 




ns 




T28 


CLK High to CAS Low 




45 


ns 




T29 


CLK High to CAS High 




45 


ns 




T30 


DRAM Cycle Time 


8T1-10 




ns 




T31 


Row Address Hold Time 


T1-10 




ns 




T32 


Column Address Set-up Time 


10 




ns 




T33 


Column Address Hold Time 


2T1-10 




ns 




T34 


RAS Pulse Width 


4T1-10 




ns 




T35 


CAS Pulse Width 


4T1-10 




ns 




T36 


RAS Precharge Time 


4T1-15 




ns 




T38 


D37:00 Valid to D7:0 Valid 




76 


ns 


(Note 7) 


T39 


CLK High to WE Valid 




50 


ns 




T40 


CAS Low to RDY High 


58 




ns 




T41 


D37:00ValidtoWE 







ns 





NOTES: 

1.1/0 cycles. 

2. I/O write cycles only. 

3. T10 is typically at least T3 (Clock Low Time) - 4. 

4. T1 1 is typically at least T2 (Clock High Time) - 1. 

5. Memory cycles only. 

6. Memory write cycles. 

7. Memory read cycles only. 

8. For I/O write cycles, D7.0 must be held past the rising edge of WR for at least T7 or until DEN goes high (T20 + T7A), 
whichever is least. 
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I/O CYCLE 
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PLASTIC PACKAGING INFORMATION 

The 82706 comes in a JEDEC Standard Gull Wing package (25 mil pitch), with "bumpers" on the corners for 
ease of handling. 



PRINCIPAL DIMENSIONS & DATUMS 
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TYPICAL LEAD 



mm (inch) 
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0.20 (0.008, 
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Case Outline Drawings 

Plastic Fine Pitch Chip Carrier 

0.84 mm Pitch 



Symbol 


Description 


Min 


Max 


Min 


Max 


N 


Lead Count 


132 


132 


A 


Package Height 


0.160 


0.170 


4.06 


4.32 


A1 


Standoff 


0.020 


0.030 


0.51 


0.76 


D,E 


Terminal Dimension 


1.075 


1.085 


27.31 


27.56 


D1,E1 


Package Body 


0.947 


0.953 


24.05 


24.21 


D2, E2 


Bumper Distance 


1.097 


1.103 


27.86 


28.02 


D3.E3 


Lead Dimension 


0.800 Ref 


20.32 Ref 


L1 


Foot Length 


0.020 


0.030 


0.51 


0.76 



Inch 



mm 
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BUMPER DETAIL 
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DATA SHEET REVISION REVIEW 

This 82706 data sheet, version -002, contains updates and improvements to the previous version. A revision 
summary is listed here for your convenience. 



The sections significantly revised since version -001 are: 



Packaging Information —Drawing of ceramic package replaced with drawing of plastic package. 

— - Plastic package information section added containing mechanical information. 
Pin Description ' — A note was added to the description of the SETUP pin. 
Register Set — Video DAC register information added. 

Timing Specs — Values for timings T7, T8, and T9 changed. 

— 'SpecT-2-1 added. 
Timing Diagrams — Memory Read timing diagram altered as follows: 

— SETUP and VGAEN added. 

— T8 and T9 are now referenced from clock cycle earlier. 
■ — T21 is added. 

— T38 reference is changed. 
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82335 

HIGH-INTEGRATION INTERFACE DEVICE FOR 
386SXTM MICROPROCESSOR BASED PC-AT SYSTEMS 



■ Operates with the 82230 and 82231 to 
Provide 100% IBM ATtm Compatibility 

■ Optimized for 16 MHz 386SXTM 
Microprocesor Based AT Systems 

■ Page Mode, Interleaved DRAM 
Controller 

■ Address Mapping/Shadow ROM 
Support 



80387SX Numerics Coprocessor 
Synchronization Interface 

Parity Generation and Checking 

Low Power, High Speed CHMOS III 
Technology 

Available in 132 Lead Plastic Quad Flat 
Pack 



the Intel 82335 is a high integration interface device used together with the 82230/82231 to provide the most 
cost-effective and highest performance system design solution for AT-compatible 386SXTM microprocessor 
based systems. 

The 82335 DRAM control feature is designed and optimized for the 16 MHz 386SX microprocessor bus 
architecture. The page mode, interleaved memory design allows wait state performance on most memory 
accesses with 100 ns DRAM. 

Several address mapping options are available to provide flexibility in the system memory size and configura- 
tion. 

The 82335 also provides the necessary interface signals to allow the 387SX numerics coprocessor to run in a 
PC/AT system. The 82235 with its intergrated parity generation and checking provides system designers with 
data integrity and reliability. 
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Figure 1.1. 82335 Internal Block Diagram 
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1.0 PIN DESCRIPTION 
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Figure 1.2. 82335 Pin Out Top View 
Table 1.1. Pin Assignments 



A Row 


BRow 


CRow 


DRow 


Pin 


Label 


Pin 


Label 


Pin 


Label 


Pin 


Label 


1 


RESETNPX 


34 


A20 


67 


TEST0 


100 


READYNPX# 


2 


EFI 


35 


A21 


68 


TEST1 


101 


PEREQNPX 


3 


v ss 


36 


A22 


69 


Vcc 


102 


LMEGCS# 


4 


PCLK# 


37 


A23 


70 


RAS2# 


103 


HLDASX 


5 


v cc 


38 


ROMCS1# 


71 


CASL2# 


104 


HRQSX 


6 


RESETCPU 


39 


ROMCS0# 


72 


CASH2# 


105 


Vss 


7 


READY286# 


40 


OBMEM 


73 


RAS3# 


106 


NA# 


8 


M/I0286# 


41 


MA9 


74 


CASL3# 


107 


READYSX# 


9 


S1# 


42 


MA8 


75 


CASH3# 


108 


v ss 


10 


Vss 


43 


Vss 


76 


DIR 


109 


CLK2 


11 


S0# 


44 


MA7 


77 


DEN# 


110 


Vcc 


12 


Vcc 


45 


Vcc 


78 


PARL 


111 


ADS# 


13 


ERROR # 


46 


MA6 


79 


Vss 


112 


BLE# 


14 


A2 


47 


MA5 


80 


PARH 


113 


A1 


15 


A3 


48 


MA4 


81 


Vcc 


114 


BHE# 


16 


A4 


49 


Vss 


82 


D15 


115 


Vcc 


17 


A5 


50 


MAS 


83 


D14 


116 


M/IO# 


18 


A6 


51 


Vcc 


84 


D13 


117 


D/C# 


19 


A7 


52 


MA2 


85 


D12 


118 


W/R# 


20 


Vss 


53 


Vss 


86 


D11 


119 


RESETSX 


21 


A8 


54 


MA1 


87 


D10 


120 


BUSYSX# 


22 


Vcc 


55 


v cc 


88 


D9 


121 


PEREQSX 


23 


A9 


56 


MAO 


89 


D8 


122 


HRQ286 


24 


A10 


57 


WE# 


90 


07 


123 


REFRESH # 


25 


A11 


58 


RAS0# 


91 


D6 


124 


PERROR# 


26 


A12 


59 


CASL0# 


92 


D5 


125 


MEMR# 


27 


A13 


60 


CASH0# 


93 


D4 


126 


SYSRESET 


28 


A14 


61 


RAS1* 


94 


D3 


127 


A20GATE 


29 


A15 


62 


CASL# 


95 


02 


128 


Vss 


30 


A16 


63 


CASH1 # 


96 


01 


129 


MEMW# 


31 


A17 


64 


Vss 


97 


00 


130 


Vcc 


32 


A18 


65 


MMS 


98 


TURBO # 


131 


BUSYNPX# 


33 


A19 


66 


FM 


99 


EXTRDY 


132 


HLDA 



4-637 



inter 



82335 



mmm\©e mm^mmmw 



The 82335 is Implemented in a 132-pin plastic flatpack package designed for direct surface mounting on 
component boards. The following is a description of the physical pin connections. 

Table 1.2. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


A1-A23 


14-19, 

21, 
23-37, 

113 


I* 


ADDRESS INPUTS: These inputs are used to select the dynamic RAM 
address for a memory read or write operation. 


A20GATE 


127 


I 


This active high input is used by the keyboard controller to force A20 
low. When A20GATE is low, A20 is forced low internal to the 82335 
during CPU memory cycles (not DMA or master). When A20GATE is 
high, A20 follows the CPU address input from the A20 pin. 


ADS# 


111 


I 


ADDRESS STATUS: This active low input indicates that a valid bus 
cycle definition and address (W/R#, M/IO#, D/C#, BLE#, BHE#, 
and A1 -A23) is being driven by the 386SX microprocessor. 


BHE# 


114 


I 


BYTE HIGH ENABLE: This active low input is used for the physical 
address of the high byte of a 16-bit data word. It indicates when data is 
being transferred on D8-D1 5. 


BLE# 


112 


I 


BYTE LOW ENABLE: This active low input is used for the physical 
address of the low byte of a 16-bit data word. It indicates when data is 
being transferred on DO- D7. 


BUSYNPX# 


131 


I 


BUSY NP: This active low input is used by the 80387SX to indicate 
that it is busy. It is usually connected directly to BUSY# of 80387SX. 


BUSYSX# 


120 





BUSY SX: This active low output indicates to the 386SX CPU that the 
80387SX is busy. It is usually connected directly to BUSY# of the 
386SX CPU. 


CASH0#- 
CASH3# 


60,63, 
72,75 





COLUMN ADDRESS STROBE (HIGH BYTE): These outputs are used 
by the high byte of the dynamic RAM array to latch the column address 
present on the MA0-MA9 pins. They can drive the dynamic RAM array 
directly and need no external drivers. 


CASL0#- 
CASL3# 


59,62, 
71,74 





COLUMN ADDRESS STROBE (LOW BYTE): These outputs are used 
by the low byte of the dynamic RAM array to latch the column address 
present on the MA0-MA9 pins. They can drive the dynamic RAM array 
directly and need no external drivers. 


CLK2 


109 





CLOCK2: This output drives the 386SX CPU and 80387SX input 
clocks. Its frequency is divided by two internally by the 386SX CPU and 
80387SX chips to generate the processor and coprocessor clocks. It is 
designed for 32 MHz output frequency. 


D/C# 


117 


I 


DATA/CONTROL SELECT: This input from the 386SX 
microprocessor is used to distinguish between data and control bus 
cyclos. 


DEN# 


77 





DATA ENABLE: This active low output is used by the data 
transceivers to enable the transfer of data between the dynamic RAM 
array and the local data bus. 


DIR 


76 





DIRECTION: This signal is used to control the direction input of the 
data transceivers which connect the dynamic RAM array to the local 
data bus. When DIR is high, data is being written into memory. 



NOTES: 

*The following conventions are used in this table: 
I = Input 
O = Output 
I/O = Input or Output 
The symbol # following a signal name indicates that the signal is low active. 
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Table 1.2 Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


D15-D0 


82-97 


I/O 


DATA/BUS: These inputs are used by the 82335 for parity generation 
and checking of data which is transferred between the local bus and 
the DRAM array. During initialization of the 82335, they are used to 
write/read control words to/from the internal memory configuration 
registers. 


EFI 


2 


I 


EXTERNAL FREQUENCY IN: This input is driven by an external 
oscillator. It is used by the 82335 to generate the CLK2 and PCLK# 
output clocks. All internal 82335 logic is also driven by EFI. The EFI 
frequency is the same as the CLK2 (32 MHz). 


ERROR # 


13 


I 


ERROR: This input indicates when a numeric coprocessor error has 
occurred. ERROR # is directly connected to the ERROR # output of 
the 80387SX and ERROR # input of the 82230. ERROR # has a weak 
pull-up resistor inside the 82335. 


EXTRDY 


99 


I 


EXTERNAL READY: The External Ready input is an active high level 
triggered input which is used to insert additional wait states into 386SX 
processor bus cycles. Deactivation of EXTRDY during a bus cycle 
delays the active edge of the 82335 READYSX# output until the 
EXTRDY input is sampled active. 


FM 
MMS 


66 
65 


I 
I 


FM and MMS are used to select DRAM operating modes. Refer to the 
DRAM controller section for available modes. These pins should be 
static after system reset. 


HLDA 


132 





HOLD ACKNOWLEDGE: This output indicates the 386SX CPU has 
relinquished control of the local bus. It is asserted in response to 
activation of the HLDASX input from the 386SX processor. It is usually 
connected to the 82231 HLDA input. 


HLDASX 


103 


I 


HOLD ACKNOWLEDGE SX: This input is asserted by the 386SX 
processor in response to assertion of the 386SX processor's HOLD 
pin. It indicates that the processor has relinquished control of the local 
bus. 


HRQ286 


122 


I 


CPU HOLD REQUEST INPUT: This active high input is driven by the 
82231 CPU HRQ pin when requesting DMA or refresh cycles. 


HRQSX 


104 





CPU HOLD REQUEST OUTPUT: This active high output drives the 
386SX processor's HOLD input. It is the HRQ286 input with the trailing 
edge delayed. 


LMEGCS# 


102 





LOWER MEG CHIP SELECT: This decodes A23-A20 for local 
memory accesses. 


MA0-MA9 


41,42, 

44, 
46-48, 
50, 52, 
54,56 





MULTIPLEXED ADDRESS: These outputs are designed to provide 
the row and column addresses for CPU or DMA access, and row 
addresses for refresh access to the dynamic RAM array. 


MEMR# 


125 


I 


MEMORY READ COMMAND: This active low input from the 82231 
indicates when a DMA memory read cycle is being performed. 
MEMR # is connected directly to the - XMEMR output of the 82231 . 
MEMR# is allowed to be an asynchronous input. 


MEMW# 


129 


I 


MEMORY WRITE COMMAND: This active low input from the 82231 
indicates when a DMA memory write cycle is being performed. 
MEMW# is connected directly to the -XMEMW output of the 82231 . 
MEMW# is allowed to be an asynchronous input. 
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Table 1.2. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


M/IO# 


116 


I 


MEMORY/IO SELECT: This input from the 386SX processor is used 
to distinguish between memory and JO accesses. 


M/I0286# 


8 





MEMORY I/O SELECT 286: This output emulates the M/IO# output 
of the 80286. It is used by the 82230/82231 and other system 
peripherals to distinguish memory access from I/O access. It also 
indicates halt/shutdown and interrupt acknowledge cycles. 


NA# 


106 


O 


NEXT ADDRESS: The NA# output is used to control the address 
pipelining of the 386SX processor. When asserted, the address of the 
next bus cycle is valid in the T2P state of the current bus cycle. 
Consecutive local memory accesses are always pipelined after the first 
access. 


OBMEM 


40 





ON-BOARD MEMORY: This active high output indicates to the system 
that the memory being address is on the local bus. 


PARH 


80 


I/O 


PARITY HIGH BYTE: This three state input/output is used for the 
upper byte parity bit of data on the local bus (D8-D1 5). For memory 
write cycles, the 82335 outputs the internally generated parity bit to the 
DRAM array via the PARH pin. During a memory read, thQ 82335 uses 
the data received at PARH to validate the upper byte of data from the 
DRAM array. 


PARL 


78 


I/O 


PARITY LOW BYTE: This 3-state input/output is used for the lower 
byte parity bit of data on the local bus (D0-D7). Its function is identical 
to the PARH pin described above. 


PCLK# 


4 





PROCESSOR CLOCK: This, clock output is used to drive the 82230 X3 
pin. It is a divide-by-two of the EFI input. 


PEREQNPX 


101 


I 


PROCESSOR EXTENSION REQUEST NP: This input is used by the 
80387SX to indicate that it requires a data transfer. It should be 
connected directly to PEREQ of the 80387SX. If no numeric 
coprocessor is installed, this pin should be connected to ground. 


PEREQSX 


121 





PROCESSOR EXTENSION REQUEST SX: This output to the 386SX 
processor is used to request a data transfer to or from the numeric 
coprocessor. It should be connected directly to PEREQ of the 386SX 
CPU. 


PERROR# 


124 





PARITY ERROR: This active low output indicates that the 82335 has 
detected a parity error in either the upper or lower byte of data from 
the DRAM array. It drives the 82231 DPCK # input. 


RAS0#- 
RAS3# 


58,61, 
70, 73 





ROW ADDRESS STROBE: These outputs are used by the dynamic 
RAM array to latch the row address present on the MA0-MA9 pins. 
The four outputs support up to a four-way interleaved dynamic RAM 
configuration with page-mode access. They drive the dynamic RAM 
array directly and need no external drivers. 


READY286# 


7 


I 


READY 286: This active low input is used to indicate the completion of 
I/O bus cycles. It is driven by the 82230 READY # pin. 


READYNPX# 


100 


I ; ' 


READY NP: This active low input indicates the completion of 80387SX 
bus cycles. It is driven by the 803S7SX READYO# output. 


REABYSX# 


107 


O 


READY SX: This active low output indicates the completion of the 
curreht bus cycle to ihe processor; It is a function of the internally 
generated memory ready signal, and the READY286#, READYNPX#, 
EXtRbY, and TliRBO# inputs. 
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Table 1.2. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


REFRESH # 


123 


I 


REFRESH: This active low input is used to notify the dynamic RAM 
controller that the dynamic RAM array requires refresh. It is normally 
driven by the 82231 - REFRESH output. 


RESETCPU 


6 


I 


RESET CPU: This reset input is driven by the RES CPU output of the 
82230. It is activated during system power up, keyboard reset, or when 
the 386SX processor generates a HALT status. 


RESETNPX 


1 


O 


RESET NPX: This output drives the RESETIN pin of the 80387SX. 
RESETNPX is a function of the SYSRESET input and is only activated 
during power-on reset. 


RESETSX 


119 


O 


RESET SX: This output drives the RESET pin of the 386SX processor. 
It is a logical OR function of the SYSRESET and RESETCPU inputs. 


ROMCS0# 
ROMCS1 # 


39 
38 





ROM CHIP SELECT: These outputs are used to support shadow RAM. 
They select the ROMs or EPROMs during system initialization. Once 
the ROM or EPROM contents are copied into the DRAM space, the 
ROMCS0-1 outputs are disabled and the ROM (EPROM) addresses 
are mapped into the DRAM physical address space by the 82335. 


S0# 
S1# 


11 
9 





BUS CYCLE STATUS: The S0# and S1 # outputs indicate the 
initiation of a system (non-local) bus cycle and, along with M/I0286#, 
define the type of bus cycle. 


SYSRESET 


126 


I 


SYSTEM RESET: This reset input is driven by the + RESET output of 
the 82230, It is driven active during system power up. 


TESTO 
TEST1 


67 
68 


I 


TEST MODE: These inputs are reserved for special test modes, and 
must be connected to Vss during normal operation. 


TURBO# 


98 


I 


TURBO MODE SELECT: This active low input, when asserted, allows 
the 386SX processor local bus to run with maximum performance. 
Deactivating the TURBO # input causes the 82335 READY generation 
logic to insert additional wait states into each bus cycle. In the non- 
turbo mode, 386SX processor performance approximates 80286 bus 
efficiency. 


Vcc 


5,12, 
22, 45, 
51,55, 
69,81, 
110,115, 
130 




POWER SUPPLY: 1 1 V C c pins total. 


Vss 


3,10, 
20, 43, 
49,53, 
64, 79, 
105, 108, 
128 




GROUND: 1 1 V S s Pins total. 


WE# 


57 





WRITE ENABLE: This output is used by the dynamic RAM array to 
enable input for a write operation. It is designed to drive eight 
megabytes of DRAM with no additional buffering. 


W/R# 


118 


I 


WRITE/READ SELECT: This input from the 386SX processor is used 
to distinguish between read and write cycles. 
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2.0 FUNCTIONAL DESCRIPTION 



2.1 Introduction 

The 82335 is a high-integration VLSI companion 
chip for the Intel 386SX 32-bit microprocessor. It in- 
terfaces the 386SX microprocessor to the 80387SX 
numeric coprocessor and to the 82230/82231 highly 
integrated peripherals in an AT compatible system 
by converting 386SX processor bus cycles to 80286 
compatible cycles, generating necessary clock sig- 
nals, and providing local dynamic memory control. 
Figure 2.1 shows a block diagram of this system. 



The 82335 is composed of seven functional blocks: 

1. DRAM Controller 

2. Address Mapper/ Decoder 

3. Ready Generator 

4. Bus Cycle Translator 

5. Math Coprocessor Interface 

6. Clock Generator/Reset Synchronizer 

7. Parity Generator/Checker 

Each functional block is described in the following 
sections. 



80387SX 



386SX™CPU 



ADDR 



DATA 



CTRL 



-D- 



♦-► 



82335 



82230 



AT CONTROL BUS 



X DATA BUS 



X ADDRESS BUS 



82231 



*-+ 



LOCAL 
RAM 



SYSTEM 
RAM 



ROM 
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Figure 2.1. 386SXTM CPU with 82335 System Block Diagram 
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2.2 DRAM Controller 



2.2.1 INTRODUCTION 

The 82335 dynamic RAM (DRAM) controller is de- 
signed and optimized for the Intel 386SXTM Archi- 
tecture. It keeps track of 386SX CPU bus states and 
provides the necessary signals to address and re- 
fresh up to four 16-bit banks of 256K or 1 M dynamic 
RAMs. 

To optimize memory performance and flexibility, the 
DRAM controller has built in support for both paging 
and bank interleaving, and can be configured for 
several different modes of operation. These include 
four different memory modes to accommodate 
DRAM with different levels of performance: two for 
fast page-mode 100 ns DRAM's (F1 and F4) and 
two for slower DRAM's (W01 and W02). These 
modes are described in more detail in the DRAM 
mode configuration section. 

In addition to the four memory modes available, the 
DRAM controller can be configured to operate in ei- 
ther turbo or non-turbo mode. The turbo mode al- 
lows the 386SX microprocessor based system to 
run at peak efficiency, while the non-turbo mode al- 
lows it to approximate 80286 bus cycles for timing 
dependent software. 



2.2.2 DRAM BANK CONFIGURATION 

The local Dynamic RAM for the 386SX CPU/82335 
system can be configured into one to four banks of 
256K x 16 bits or 1M x 16 bits each. Each 16-bit 
bank of memory is further divided into two 8-bit 
banks, low and high. Each 8-bit bank may contain 
one extra bit for parity. See Figure 2.2 for a block 
diagram of the 82335 to DRAM interface. 

The exact memory configuration installed is deter- 
mined during system initialization through execution 
of a memory autoscan routine in the BIOS. Relevant 
memory configuration information is then pro- 
grammed into the memory configuration register, roll 
compare registers, and address compare registers. 
See the address mapping/decoding section for de- 
tails on register programming. 

The 82335 internally decodes the address lines A1 - 
A23 from the 386SX processor and outputs multi- 
plexed row and column addresses, row address 
strobe (RAS), column address strobe (CASL & 
CASH), and write enable (WE) signals for local 
memory accesses. Each bank has separate RAS, 
CASL, and CASH signals. 
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Figure 2.2. 82335 to DRAM Interface 
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2.2.3. PAGE-MODE DRAM OPERATION 

In any DRAM access, read or write, a row address 
and a column address is required. A DRAM access 
requiring both a new row address and column ad- 
dress has a long cycle time which causes two or 
more wait states for a 386SX CPU bus cycle. An 
example is shown in Figure 2.3. Bus performance is 
improved in 386SX CPU/82335 systems by the use 
of page-mode DRAM operation. Memory locations 
sharing the same row address are in the same mem- 
ory page. When successive memory accesses are in 
the same page (a page-hit memory access), only a 
new column address is required. In this mode of op- 
eration, the row address strobe, RAS#, can be kept 
active, and only a new CAS# edge needs to be gen- 
erated, thus reducing memory cycle time. An exam- 
ple with both page hit and page miss (opposite of 
page hit) is shown in Figure 2.4. Page-mode DRAM 
operation is only effective when successive memory 
accesses are in the same page, therefore, row ad- 
dresses are taken from the higher order address bits 
since they are less likely to change than the lower 
order address bits in most programs. 

2.2.4 PAGE-MODE BANK INTERLEAVE 
OPERATION 

The effectiveness of page-mode operation in the re- 
duction of number of wait states depends on many 
factors. Among the most important of them are: 
page locations, page size and page-mode cycle 
time. 



Page Location: As mentioned in the above para- 
graph, the memory pages should be arranged such 
that the row address is unlikely to change in succes- 
sive memory operations. This can be done by as- 
signing the more often lower order address bits to 
the column address as done in the 82335 DRAM 
controller. 

Page Size: A larger page size increases the chance 
of a page hit. In a DRAM configuration with more 
than one memory bank, one page of memory can be 
kept active per bank. In a four bank configuration, a 
maximum of four pages of memory can be kept ac- 
tive at a time. A successive memory access to an 
active page in a different bank (a page-hjt-bank-miss 
access) does not require a new row address, there- 
by requiring no wait states. This effectively increases 
the DRAM page size by a factor of four. 

Page-Mode Cycle Time: Most fast page-mode 100 
ns DRAM's have a short page-mode cycle time 
which allows the 386SX processor to run 0-wait- 
state bus cycles. Slower DRAM's, however, have 
longer page-mode cycle times which causes the 
386SX processor to run at 1 or 2 wait states. The 
82335 uses a memory interleaving scheme to allow 
the 386SX processor to run 0-wait bus cycles. It 
works as follows: In a DRAM configuration with more 
than one memory bank, one page of memory is kept 
active per bank. Slower memories (W01/W02 
modes) use the lower address bit(s) to alternate 
bank hits for consecutive memory accesses. This in- 
creases the number of page-hit-bank-miss cycles 
which run at wait states. 



Cycle N- — 

I T2 l T2 I T2P 
IPH1 PH2IPH1 PH2IPH1 PH2 



Address 



X 



-— Cycle N+1 •* 

TIP I T2 I T2 I T2P 
PH1 PH2IPH1 PH2I.PH1 PH2IPH1 PH2 



MA0-MA9 



RAS0# 



X 



«— Cycle N*2 

TIP ' I T2 I 
PHI PH2IPH1 PH2I 



N+2 



Col N *\row N+1 ^( Col N+1 V""" 

— Trp- 



CASH0# ' 
CASL0# 



\. 



r 



\ 



240340-5 



NOTES: 

1. The address of the next bus cycle is read into the 82335 during phase 2 of the first T2P state of the current bus cycle. 

2. RAS# must be high for row precharge (T r p) before latching in a new row address. 

3. Two wait states are inserted to meet RAS# precharge time. 



Figure 2.3. 82335 PRAM Cycle with New Row and Column Addresses 
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NOTES: 

1. Page miss in cycle N + 1, thus requiring 2 wait states. Notice RAS0# returns to "1" in the first part of cycle N+ 1 for 
precharge (T rp ). 

2. Page hit on cycle N + 2, therefore, no wait state is required between cycle N + 1 and N + 2. Notice the 2 consecutive 
CAS# pulses without intervening RAS# pulse. 



Figure 2.4. 82335 Page Mode DRAM Cycle with Both Page Miss and Page Hit 



The 82335 has 4 built-in watch-dog timers to keep 
track of RAS# active time. Once timed out, the timer 
will force RAS# of the corresponding bank to be 
deactivated at the end of the memory cycle such 
that the maximum RAS# active time of the DRAM 
will not be violated. Figure 2.5 shows an example of 
interleaved memory cycles. 

2.2.5 DRAM MODE CONFIGURATION 

The 82335 can be configured to run in four different 
modes to operate with DRAM of various perform- 
ance levels. This allows the system designer consid- 
erable flexibility. There are two modes (F1 and F4) 
for fast page mode 100 ns DRAM and two modes 
(W01 and W02) for slower DRAM. The mode of op- 
eration is selectable by setting the input pins FM and 
MMS to the values shown in Table 2.1. Table 2.1 



shows a summary of the different DRAM modes. A 
brief description of each mode follows. 

F4: This mode is for fast 100 ns DRAM and allows 
up to four pages to be active simultaneously. The 
critical timing specifications that determine which 
100 ns DRAM can use this mode are CAS access 
time (tcAc). CAS pulse width (tcAs). and CAS pre- 
charge time (tcp). Table 2.1 shows the maximum 
values for tcAC trjAS and *cp that can be used in F4 
mode. 

F1: This mode is the same as F4 except that only 
one page can be active at a time. Activating only 
one page at a time reduces power consumption. 

W01: This mode can be used for all 100 ns DRAM. 

W02: This mode is used for 120 ns DRAM. 
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NOTES: 

1. DRAM access alternates between banks and 1. 

2. RAS precharge for bank is hidden behind memory access of bank 1 and vice versa. 
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Figure 2.5. 82335 DRAM Cycle with Interleaved Memory in F1 Mode 
Table 2.1. Summary of DRAM Modes 
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NOTES: 

*tCAS = Column Address Strobe Pulse Width 
tcAC = Column Address Strobe Access Time 
t CP = Column Address Strobe Precharge Time 
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2.2.6 NON-TURBO MODE 

In non-turbo mode (TURBO # pin driven to >V|h), a 
fixed number of bus states (six per memory cycle) 
will be used for all local memory access. Non-turbo 
mode is designed for compatibility with 80286 pro- 
grams with software timing loops. The TURBO # in- 
put must remain static during local memory bus cy- 
cles. 



2.2.7. REFRESH CYCLE 

The 82335 generates its own DRAM refresh address 
with a 10-bit refresh counter which increments by 
one every refresh cycle. During a refresh cycle, the 
refresh address appears on MA0-MA9, followed by 
activation of RAS0#-RAS3# in staggered cycles. 
The staggering of RAS activation reduces current 
surge during refresh. 



2.3 Address Mapper/Decoder 

2.3.1 INTRODUCTION 

Several address mapping and decoding options are 
provided to improve performance and allow flexibility 
in the system memory size and configuration. These 
options include ROM/EPROM shadowing, mapping 
up to 51 2K addresses above the top of physical 
memory into physical addresses, and decoding input 
addresses to generate chip select signals. Selection 
of these options is done via programming of the con- 
figuration, roll compare, and address compare regis- 
ters. 



2.3.2 SHADOWING 

Shadowing refers to copying data from slow memory 
devices like ROM and EPROM memories into RAM 
to speed up memory accesses. Since access to lo- 
cal RAM is much faster than ROM, this can provide 
a considerable increase in performance. The 82335 
has built in support for shadowing three different 
areas of memory: BIOS ROM, adapter ROM, and 
video RAM. Shadowing video RAM can improve per- 
formance by making access to the video RAM local 
to the 82335 memory controller. Figure 2.6 shows 
the memory address ranges available for shadow- 
ing. 

Shadowing can be selected for the BIOS ROM area, 
adapter ROM area, or video RAM area by program- 
ming the ROMEN#, ENADP#, and ENV# bits re- 
spectively of the configuration register. Each area 
can be selected for shadowing independently of the 
other areas. 

When shadowing the BIOS ROM and adapter ROM, 
the ROM contents must be copied to the shadow 
RAM area before the lock bit is set in the configura- 
tion register. Once the lock bit is set, both of these 
RAM areas become read only. If video RAM shad- 
owing has been enabled and the VRO bit (video 
read only) in the configuration register is set, then 
the video shadow area will also become read only. 
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7FFFFFH 

1M ►100000H 

OFFFFFH 

OEOOOOH 
ODFFFFH 
OCOOOOH 
OBFFFFH 

OAOOOOH 
09FFFFH 

OOOOOOH 








« 1 BIOS ROM 




4 1 Adapter ROM 




4 1 Video RAM 




LOC 


AL DRAM ADDRESS SPA 


CE 



Figure 2.6. Shadow RAM Address Map 
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2.3.3 ROLL ADDRESS MAPPING 

Roll address mapping is a method of utilizing DRAM 
memory space that may otherwise not be accessi- 
ble. If ROM or video RAM shadowing is not select- 
ed, then atny addresses generated in these areas will 
access the ROM or system video RAM. Any local 
DRAM with the same physical addresses as the 
ROM or video RAM cannot be directly addressed. 
To allow access to this DRAM space, the 82335 can 
re-map or "roll" logical addresses above the top of 
the physical address range into this DRAM space in 
128 Kbyte segments. Figure 2.7 shows a memory 
map illustrating roil address mapping. 

There are four 128 Kbyte segments of physical 
memory (512 Kbytes total) that can be re-mapped. 
These areas are in the top half of the lowest mega- 
byte of memory as illustrated in Figure 2.7. Program- 
ming of the memory configuration register bits 
ROMEN# S640, ENADP#, and ENV# control 
which segments are available for remapping. (See 
the Memory Configuration Register section for 
programming details.) Enabling roll address mapping 
and specification of the logical addresses to be re- 
mapped is done through programming of the 



roll compare registers. (See Roll Compare Regis- 
ter section for more details.) 

2.3.4 REGISTERS 

There are five registers in the 82335 that control the 
operation of the address mapping and DRAM con- 
trol options. These registers are the configuration, 
roll compare (RC1 and RC2), and address range 
compare (CCO and CC1) registers. Each of these 
registers reside in the local I/O space of the 82335 
and are read/writable until the LOCK bit has been 
set in the configuration register. The contents and 
purpose of each register are described in the follow- 
ing sections. 

2.3.4.1 Memory Configuration Register 

The memory configuration register resides at I/O lo- 
cation 22H upon system reset and is used to select 
a number of address mapping and DRAM control 
options. Upon reset, all bits in this register are set to 
zero. Figure 2.8 shows the bits used in the memory 
configuration register. The purpose of each bit is de- 
scribed in the following paragraphs. 
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Logical addresses 
re-mapped to 
physical addresses 



128K 



128K 



128K 



128K 



• TOP OF PHYSICAL MEMORY * 



640K 
512K 




Logical 
address 
space 



Physical 
address 
space 



Logical addresses above the physical address space 
can be re-mapped into physical addresses 



Figure 2.7. Roll Address Mapping Range 
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15 


14-12 


Memory Configuration Register = I/O Address 22H 

11 10 9876543 


2 


1 





LOCK 






VRO 


ENV# 


ENADP# ROMSIZE 


INTERL 




DSIZE 


S640 




'?"'»""■'?"■ 


ROMEN# 



Bit 
Position 


Name 


Function 





ROMEN# 


= Enable BIOS ROM/EPROM Accesses (0E0000H-0FFFFFH) 

1 = Disable BIOS ROM/EPROM Accesses, Shadow Enabled 


3 


S640 


= Base Memory Size is 51 2K 

1 = Base Memory Size is 640K 


4 


DSIZE 


= 256K 1 DRAM Installed 

1 = 1 Mb DRAM Installed 


7,6 


INTERL 


00 = 1 Mem. Bank Installed (No Interleave) 

01 = 2 Mem. Bank Installed* 
10 = 3 Mem. Bank Installed* 
11=4 Mem. Bank Installed* 


8 


ROMSIZE 


= 256K ROM/EPROM; 1 = 51 2K ROM/EPROM 


9 


ENADP# 


= Enable Adaptor ROM/EPROM Accesses (0C0000H-0DFFFFH) 

1 = Disable Adaptor (ROM/EPROM Accesses, Shadow Enabled 


10 


ENV# 


= Enable Video RAM Accesses (0A0000-0BFFFFH) 

1 = Disable Video RAM Accesses, Shadow Enabled 


11 


VRO 


Video Read Only 

= Video Area Read-Write 

1 = Video Area Read-Only 


15 


LOCK 


= Enable all Configuration Register Accesses 

1 = Disable all Configuration Register Accesses 



NOTE: 

*When more than one bank of memory is installed, banks are always interleaved. 



Figure 2.8. Memory Configuration Register 



ROMEN#: This bit is used to enable or disable 
shadowing of the BIOS ROM/EPROM in the ad- 
dress range 0E0000H-0FFFFFH. When this bit is 
cleared, BIOS ROM shadowing is disabled. A mem- 
ory access in this range will access ROM by assert- 
ing ROMCS0# or ROMCS1# and by deactivating 
the OBMEM output. If BIOS ROM shadowing is dis- 
abled, this memory space can be re-mapped above 
the top of the physical address space. See roll ad- 
dress mapping for details on re-mapping. 

When this bit is set, BIOS ROM shadowing is en- 
abled and memory accesses to this address range 
are made from local DRAM. During shadow DRAM 
accesses, the OBMEM signal is asserted and the 
ROMCS0# and ROMCSi # signals are disabled. 



S640: This bit selects the base memory size. When 
cleared, a base memory of 51 2K is selected. When 
set, a base memory of 640K is selected. If a base 
memory of 51 2K is selected, the address range 
080000H-09FFFFH can be re-mapped above the 
top of the physical address space. See roll address 
mapping for details on re-mapping. 

DSIZE: This bit is used to indicate the type of DRAM 
installed. When cleared, it indicates 256K DRAM 
and when set, it indicates 1 M DRAM installed. When 
256K DRAM is installed, the multiplexed address 
line MA9 is not used. 
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INTERL: These two bits indicate the number of 
banks of memory installed. When more than one 
memory bank is installed, the banks are always in- 
terleaved. -, 

ROMSIZE: This bit indicates the size of the installed 
ROM/EPROM. When cleared, it indicates 256K bit 
ROM/EPROM and when set, it indicates 51 2K bit 
ROM/EPROM is installed. This bit also affects the 
ROMCS0# and ROMCS1 # address decode ranges 
when ROM shadowing is disabled. (See Chip Select 
Signals for further information.) 

ENADP#: This bit is used to enable or disable shad- 
owing of the adapter ROM area. If cleared, adapter 
ROM shadowing is disabled and accesses to the 
memory range 0C0000H-0DFFFFH will be made 
from ROM, If set, adapter ROM shadowing is en- 
abled and memory accesses in this range will be 
from local DRAM. If adapter ROM shadowing is dis- 
abled, this memory space can be re-mapped above 
the top of the physical address space. See roll ad- 
dress mapping for details on re-mapping. 

ENV#: This bit is used to enable or disable shadow- 
ing of the external video RAM. If cleared, video RAM 
shadowing is disabled and accesses to the memory 
range 0A0000H-0BFFFFH will be made from the 
system video RAM. If set, video RAM shadowing is 
enabled and memory accesses in this range will be 
from local DRAM. If video RAM shadowing is dis- 
abled, this memory space can be re-mapped above 
the top of the physical address space. See roll ad- 
dress mapping for details on re-mapping. 

VRO: This bit selects either read/write access or 
read only access from the video RAM area when 
shadowing is selected. When video RAM shadowing 
is enabled and this bit is set, the local- video RAM 
area will be read only, otherwise it will be available 
for both read and write access. 

LOCK: This bit enables or disables external access 
to the configuration, roil compare, and address 
range compare registers. When this bit is cleared, 
the following conditions will exist: 

• The configuration, roll compare, and address 
range compare registers will be read/writable at 
even I/O addresses from 22H-2EH 

• The status outputs S0# and Si # will not be gen- 
erated for these I/O addresses 

• The shadowing DRAM area will be available for 
both reading and writing 



When the LOCK bit is set, the following conditions 
will exist: 

• The configuration, roll compare, and address 
range compare registers will not be accessible 
external to the 82335 

• The status outputs S0# and S1 # will be generat- 
ed for I/O addresses between 22H-2EH 

• The shadowing DRAM area will be read only with 
the exception of 0AOOOOH-0BFFFFH if the VRO 
bit is cleared. 

Once the lock bit is set, the configuration, roll com- 
pare, and address compare registers can only be 
accessed again by resetting the system. It is recom- 
mended that the LOCK bit be set after the 82335 is 
properly configured. 

The lock bit does not affect the operations of I/O 
Ports 061 H or OFOH. Writing to these ports writes to 
both the 82335 and the 82230. 

When writing to the 82335 registers, all bits are writ- 
ten over. Care should be taken to insure that all bits 
of the data to be written are set for the intended 
operation. 



2.3.4.2 Roll Compare Registers 

There are two roll compare registers, RC1 and RC2, 
located at I/O addresses 24H and 26H respectively. 
These registers are used to re-map logical address- 
es above the physical address space into physical 
addresses/Figure 2.9 shows the bit functions in the 
roll compare registers. 

Roll address mapping works as follows. The output 
of the roll comparator activates the address mapper 
and causes an address roll-over. This is accom- 
plished by using the address bits A23-A1 7, and the 
three outputs from each roll compare register: com- 
pare enable, address mask, and compare data. 
Each time a new address is received by the 82335, it 
compares the address bits A23-A17 with the com- 
pare data C23-C17 using M23-M17 as a mask. For 
example, if M23-M17 = 1111 110, the output of the 
comparison is true if A23-A18 is identical to C23- 
C18 with A1 7. being a don't care. If the comparison is 
disabled (EN = 0), then the output will always be 
false. The roHcomparator performs an OR function 
of the comparisons of address input with the two roll 
registers. The following examples illustrate program- 
ming of the roll compare registers. 
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Example #1 

— 4 Banks of 256K x 1 DRAM Installed 

— S640 = 0, R0MEN# = 1, ENADP# = 0, 
ENV# = (384K Roll-Over Avail.) 

— Top of Physical Address Space = 1FFFFFH 
(2M) 

— Roll Decode Range = 200000H - 25FFFFH 
(384K) 



Example #2 

— 3 Banks of 1M x 1 DRAM Installed 

— S640 = 1, ROMEN# = 1, ENADP# = 0, 
ENV# = (256K Roll-Over Avail.) 

— Top of Physical Address Space = 5FFFFFH 
(6M) 

— Roll Decode Range = 600000H-63FFFFH 
(256K) 



Register 


EN 


C23- 
C17 


Mad- 
MIT 


Address 
Range 


RC1 


1 


001000X 


111111X 


200000H-23FFFFH 
(256K) 


RC2 


1 


0010010 


1111111 


240000H-25FFFFH 
(128K) 



In this example, both roll compare registers are re- 
quired to decode the 384K roll address area. 



Register 


EN 


C23- 
C17 


M23- 
M17 


Address 
Range 


RC1 


1 


011000X 


111111X 


600000H-63FFFFH 
(256K) 


RC2 





XXXXXXX 


XXXXXXX 


None 



In this example, the 256K roll address area can be 
decoded with only one register. Therefore, the other 
register has been disabled. 



RC1 = I/O Address 24H 
RC2 = I/O Address 26H 



15 



COMPARE DATA 



ADDRESS MASK 



1 

J® 

L— Enables roll 

address mapping 

- Selects address bits to be 

included in re-mapping 

comparison (M23-M17) 

- Selects address range to be re-mapped (C23-C17) 



Figure 2.9. Bit Functions of the Roll Compare Registers 
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2.3.4.3 Address Range Compare Registers 

There are two address range compare registers, 
CCO and CC1* located at I/O addresses 28H and 
2AH respectively. They are used to decode the on- 
board memory address range. Figure 2.10 shows 
the bit functions of the address range compare reg- 
isters. Upon reset, register CCO will be enabled and 
register CC1 will be disabled. 

The on-board memory address range is decoded in 
a similar manner as the roll-over address range. 
Each address range comparator accepts address in- 
puts A23-A19, compare data C23-C19, mask data 
M23-M19, and an enable bit EN. Each comparator 
compares A23-A1 9 with C23-C19 using M23-M19 
as a mask. For example, if M23-M19 = 00001, the 
output of the comparison is true if A19 is identical to 
C19 with A23-A20 being don't cares. Comparison is 
disabled if EN = 0, yielding a false regardless of the 
address input. 

Examples of address range compare register pro- 
gramming are shown below. 

Example #1 
Memory Installed: One 16-Bit Bank of 256K x 1 
DRAM(512K) 



Register 


EN 


C23- 
C19 


M23- 
M19 


Address 
Range 


CCO 


1 


00000 


11111 


000000H-07FFFFH 
(51 2K) 


CC1 





xxxxx 


xxxxx 


None 



Only one address range compare register is required 
to decode a 51 2K address space. 



Example #2 

Memory Installed: Three 16-Bit Panks of 1M x 1 
DRAM (6M) 



Register 


EN 


C23- 
C19 


M23- 
M19 


Address 
Range 


CCO 


1 


OOxxx 


11000 


000000H-3FFFFFH 
(4M) 


CC1 


1 


010xx 


11100 


400000H-5FFFFFH 
(2M) 



In this example, two address range compare regis- 
ters are required to decode the 6 megabyte address 
space. 

2.3.5 CHIP SELECT SIGNALS 

The address mapper/decoder uses the configura- 
tion, roll compare, and address range compare reg- 
ister contents along with input addresses to gener- 
ate the following output signals: 

ROMCS0# — ROM Chip Select 

ROMCS1 # — ROM 1 Chip Select 

LMEGCS — Lower Meg Chip Select 

OBMEM ■— On-Board Memory Address Range 

The ROM chip select signals are functions of the 
ROMSIZE, and ROMEN# bits in the configuration 
register as well as the input address. If ROM shad- 
owing is enabled (ROMEN# = 1), then the ROM 
chip select outputs will be disabled. If ROM shadow- 
ing is disabled, then the ROM chip select outputs will 
be activated as follows: 

If ROMSIZE = (256K ROM) 

ROMCS0# decodes the address ranges 
0E0000H-OEFFFFH and FE0000H— FEFFFFH. 

ROMCS1# decodes the address ranges 
0F0000H-OFFFFFH and FF0000H— FFFFFFH. 



CC0 = I/O Address 28H 
CC1 = I/O Address 2AH 



15 11 

| COMPARE DATA] 



1ADDRESS MASKS 






-Enables address 
range comparison 
- Selects address bits to be 
, included in address range 
comparison (M23-M19) 

- Specifies top of address range (C23-C19) 



Figure 2.10. Bit Functions of the Address Range Compare Registers 
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If ROMSIZE = 1 (512KROM) 

ROMCS0# decodes the address ranges 
0E0000H-0FFFFFH and FE0000H-FFFFFFH. 

ROMCS1 # is inactive. 

The lower meg chip select output (LMEGCS) is a 
function of both the input address and M/IO# in- 
puts. It is activated whenever a memory address 
within the first megabyte of memory is decoded. It is 
inactive during I/O cycles. 

The on-board memory output (OBMEM) is a function 
of the address range comparators, roll comparators, 
and the bits ROMEN#, ROMSIZE, DSIZE, and S640 
in the configuration register. It is used to differentiate 
local DRAM access from system RAM, ROM, or I/O 
accesses. When system memory is being ad- 
dressed, the OBMEM output is inactive and the 
NA# output is de-activated to extend the 386SX 
processor address long enough to be latched onto 
the system address bus. 



2.4 Ready Generator 

The 82335 indicates completion of the current bus 
cycle to the 386SX microprocessor via the READ- 
YSX# signal. The ready generator determines the 
appropriate number of wait states (if any) to insert, 
and activates the READYSX# output at the correct 
time. Table 2.1 in the DRAM control section shows 
the number of wait states during local memory ac- 
cesses for each mode. 

The READY generator has three external inputs: 
READY286#, READYNPX#, and EXTRDY. The 
READY286# input is driven by the 82230 READY # 
pin and is used to identify the completion of system 
bus cycles. Completion of math coprocessor bus cy- 
cles is indicated by the READYNPX# input. This in- 
put is usually tied directly to the 80387SX READ- 
YO# pin. The EXTRDY input is an active high, level- 
triggered input which directly gates READYSX#. 
The READYSX# output is held inactive until the EX- 
TRDY input is sampled active. It is used to extend 
bus cycles when using slow peripherals or off-board 
memory. Setup and hold times for these inputs must 
be met to guarantee correct operation. 



2.5 Bus Cycle Translator 

The 82335 has a built in interface unit that translates 
386SX processor control signals to 80286 control 
signals. This bus cycle translator identifies the bus 
cycle being performed, monitors the CPU T-states, 
and outputs 80286-like bus control signals to the 
82230/82231 and other components in a PC/AT 
system. It also receives 80286 control inputs and 
translates them into 386SX processor compatible 
signals when required. 

As the bus cycle translator monitors control inputs 
from both the 386SX processor and the 82231, it 
determines what type of cycle is being requested. If 
one of the following cycles is being requested: 

1. I/O Access 

2. System Memory Access 

3. Halt/Shutdown 

4. Interrupt 

then the bus tracker monitors the timing of the bus 
cycle and simultaneously outputs 80286-type bus 
control signals. The control signals output are S0#, 
S1#, and M/I0286#. The SQ# and S1# outputs 
are not activated for local memory accesses, or for 
accesses to the 82335 on-chip I/O (programming of 
the on-chip registers). 

In addition to controlling status output to the 82230/ 
82231, the bus cycle translator also controls 
the hold request (HRQSX) input to the 386SX proc- 
essor. A hold request signal coming from the 82230 
(HRQ286) is translated into a 386SX processor- 
compatible output and driven to the 386SX proces- 
sor. The 386SX processor responds with a hold ac- 
knowledge (HLDASX) to the 82335 which then 
translates that to a HLD A output to the 82230/ 
82231. 



2.6 Math Coprocessor Interface 

The 82335 provides synchronous interface signals 
to allow the 80387SX coprocessor to run in a PC/AT 
system with proper error handling. It also has logic 
built in to automatically sense when an 80387SX is 
installed. If a 80387SX coprocessor is not present, 
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Figure 2.11. Math Coprocessor Interface 



BUSYSX# is toggled by REFRESH # and 
PEREQSX is forced low. Otherwise BUSYSX# and 
PEREQSX function normally. If a 80387SX coproc- 
essor is not installed, the READYNPX# input should 
be pulled up and PEREQNPX should be grounded. A 
diagram of the coprocessor interface is shown in 
Figure 2.11. 

If a 80387SX coprocessor is installed and a numeric 
exception occurs, the following sequence will occur. 
BUSYSX# is latched low and PEREQSX is forced 
high. This holds processing on the 386SX processor 
while completing the 80387SX coprocessor trans- 
fers. The ERROR # output from the 80387SX co- 
processor becomes active causing the 82230 to 
issue an interupt request on IRQ13. The interrupt 
handler performs an IOWR cycle to address OxFO 
which clears the BUSY latching hardware. The inter- 
rupt handler then clears the numerics ERRORNPX 
signal and normal operation resumes. 



2.7 Clock Generator/Reset 
Synchronizer 

The 82335 clock generator is used to synchronize 
the CPU, coprocessor, and peripherals by convert- 
ing an input frequency into the system clock outputs 
CLK2 and PCLK#. The input frequency must be pro- 
vided by a 32 MHz external oscillator connected to 
the 82335 EFI pin. This EFI input is internally buff- 
ered and output to the 386SX processor and 
80387SX coprocessor via the CLK2 output. It is also 
divided by two (to 16 MHz) and output to the 82230/ 
82231 using the PCLK# output. 



The reset synchronizer receives the RESETCPU 
and SYSRESET inputs from the 82230 and gener- 
ates the synchronous outputs RESETSX and 
RESETNPX to reset either the processor or the en- 
tire system. When the SYSRESET signal is activat- 
ed, both the RESETSX and RESETNPX outputs are 
asserted to reset the system. Activating the 
RESETCPU input will only assert the RESETSX out- 
put to reset the 386SX processor. Both RESETCPU 
and SYSRESET can be asynchronous inputs. 



2.8 Parity Generator/Checker 

The 82335 has a built in parity generator and check- 
er to maintain data integrity for the local memory. 
This parity generator/checker has local data bus in- 
put/outputs D0-D15, and two parity input/output 
pins, parity high byte (PARH) and parity low byte 
(PARL). PARH and PAR L are three-state input/out- 
put pins which are designed to directly drive the 
DRAMs without data transceivers. 

During memory write cycles, the D0-D15 pins are 
evaluated by the internal parity generator and the 
parity bits PARH and PARL are output to the DRAM. 
During memory read cycles, the data from the 
DRAMs D0-D15 are combined with the DRAM pari- 
ty outputs and checked for parity errors. If a parity 
error is detected, the parity error pin (PERROR#) is 
asserted. 

A parity register bit is provided within the 82335 for 
resetting the PERROR# output. Bit 2 of the I/O ad- 
dress 61 H is the PARCHKEN (parity check enable) 
bit. When programmed to "0", parity checking is en- 
abled. Otherwise, parity checking is disabled. This is 
a write-only register and cannot be read. 
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2.9 General System Considerations 

I.The RAS0#-RAS3#, CASH0#-CASH3#, and 
CASL0#-CASL3# output buffers are designed 
to directly drive the heavy capacitive loads of the 
dynamic RAM arrays. To keep the RAM driver 
outputs from ringing excessively in the system 
environment it is necessary to match the output 
impedance with the RAM array by using series 
resistors. Each application may have different im- 
pedance characteristics and may require different 
series resistance values. The series resistance 
values should be determined for each application. 

2. If the capacitive loading on the MA0-MA9 out- 
puts exceeds the maximum capacitive loading 
specification (see AC DRAM Timing Specifica- 
tions), then buffering of the MA0-MA9 outputs is 
recommended. The MA0-MA9 outputs can di- 
rectly drive approximately two megabytes of 
memory. 

3. The NA# pin on the 82335 must be connected to 
NA# on the 386SX processor. 



4. If a math coprocessor is not installed, the READ- 
YNPX# pin should be pulled high and the PER- 
EQNPX pin should be grounded to avoid extrane- 
ous processor extension requests. 

5. If there is no DRAM installed in the physical ad- 
dress space 080000H-0FFFFFH, then shadow- 
ing and roll address mapping must be disabled. 

6. When setting the LOCK bit in the configuration 
register, the entire contents of the configuration 
register must be written. Writing to a register in 
the 82335 will overwrite all bits in that register. 

3.0 MECHANICAL DATA 

3.1 Package Dimensions 

The 82335 is available in a 1 32 lead plastic quad flat 
pack (PQFP) package. Table 3.1 and Figures 
3.1-3.5 show the physical dimensions of this pack- 
age. 



Table 3.1. Intel Case Outline Dimensions for 132 Lead Plastic Quad Flat Pack 0.025 Inch Pitch 



Symbol 


Description 


Inch 


mm 


Min 


Max 


Min 


Max 


A 


Package Height 


0.160 


0.170 


4.06 


4.32 


A1 


Standoff 


0.020 


0.030 


0.51 


0.76 


D,E 


Terminal Dimension 


1.075 


1.085 


27.31 


27.56 


D1.E1 


Package Body 


0.947 


0.953 


24.05 


24.21 


D2,E2 


Bumper Distance 


1.097 


1.103 


27.86 


28.02 


D3, E3 


Lead Dimension 


0.800 REF 


20.32 REF 


L1 


Foot Length 


0.020 


0.030 


0.51 


0.76 


Issue 


IWS Preliminary 1/15/87 



Symbol List 



Letter or Symbol 


Description of Dimensions 


A 


Package Height: Distance from Seating Plane to Highest Point of Body 


A1 


Standoff: Distance from Seating Plane to Base Plane 


D/E 


Overall Package Dimension: Lead Tip to Lead Tip 


D1/E1 


Plastic Body Dimension 


D2/E2 


Bumper Distance 


D3/E3 


Footprint 


L1 


Foot Length 



NOTES: 

1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane H located at the mold parting line and coincident with the bottom of the lead where lead exits plastic body. 

3. Datums A B and D to be determined where center leads exit plastic body at datum plane H. 

4. Controlling Dimension, Inch. 

5. Dimensions D1 , D2, E1 , and E2 are measured at the mold parting line and do not include mold protrusion. Allowable mold 
protrusion is 0.18 mm (0.007 in) per side. 

6. Pin 1 identifier is located within one of the two zones indicated. 
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Figure 3.1. Principal Dimensions and Datums 
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Figure 3.2. Molded Details 
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Figure 3.3. Terminal Details 
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Figure 3.4. Typical Lead 
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Figure 3.5. Detail M 



3.2 Package Thermal Specifications 

The 82335 is specified for operation when the case 
temperature is within the range of 0°C-85°C. The 
case temperature may be measured in any environ- 
ment to determine whether the 82335 is within the 
specified range of operation. The case temperature 
should be measured at the center of the top surface 
opposite the pins. Table 3.2 shows the thermal re- 
sistance for this package. 



Table 3.2. Thermal Resistances (°C/Watt) 



Junction to Case 


12 


Case to Ambient 


40 
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4.0 ELECTRICAL DATA 



4.1 D.C. Electrical Specifications 

Functional Operating Range: Vcc == 4.5V to 5.5V, 


TCASE = 0°Cto +85°C 






Symbol 


Parameter 


Min 


Max 


Unit 


Notes 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V| H 


Input High Voltage 


2.0 


V C C + 0.3 


V 




V|LC 


EFI Input Low Voltage 


-0.3 


0.8 


V 


(Note 1) 


V|HC 


EFI Input High Voltage 


Vcc -0.8 


Vcc+0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2 mA 


Voh 


Output High Vqltage 


2.4 




V 


Ioh = 1 mA 


«L« 


Input Leakage Current for All Pins 
except BUSYNPX# and ERROR # 




±15 


JLlA 


< V, N < Vcc 


■|L 


Input Sustaining Current 
(BUSYNPX# and ERROR # pins) 




-400 


/xA 


|V| L = 0.45V, 
(Note2) 


Ilo 


3-State Output Leakage Current 




±15 


jxA 


Vol < Vin < Vcc 


'cc 


Supply Current 




150 


mA 


(Note 3) 



NOTES: 

1. The min value, -0.3, is not tested. 

2. BUSYNPX# and ERROR # inputs each have an internal pullup resistor. 

3. CLK2 = 32 MHz, maximum loading on DRAM address and control pins. 

4.2 A.C. Specif ications 

Unless otherwise specified, all timings are referenced at V = 1 .5V, all timing values are in nano-seconds, and 
all voltages are in volts. 



A.C. Timin 


gs for Clocks 










Symbol 


Parameter 


Figure 


Min 


Max 


Notes 




Operating Frequency 






16 


MHz (Notel) 


T1 


EFI Period 


4.1 


31 






T2a 


EFI High Time 


4.1 


12 




at2V 


T2b 


EFI High Time 


4.1 


5 




at (V CC - 0.8) 


T3a 


EFI Low Time 


4.1 


12 




at2V 


T3b 


EFI Low Time 


4.1 


7 




at 0.8V 


T4* 


EFI Fall Time 


4.1 




8 


(Vcc ~ 0.8) to 0.8 (Note 2) 


T5 


EFI Rise Time 


4.1 




8 


0.8 to (V C c ~ 0.8) (Note 2) 


T6 


CLK2 Period 


4.1 


31 






T7a 


CLK2 High Time 


4.1 


9 




at 2V 


T7b 


CLK2 High Time 


4.1 


5 




at (Vcc -0.8) 


T8a 


CLK2 Low Time 


4.1 


9 




at2V 


T8b 


CLK2 Low Time 


4.1 


7 




at 0.8V 


T9 


CLK2 Fall Time 


4.1 




8 


(V C c ~0.8) to 0.8 (Note 2) 


T10 


CLK2 Rise Time 


4.1 




8 


0.8 to (V C c - 0.8) (Note 2) 


T11 


PCLK# Delay from CLK2 


4.1 




8 





NOTES: 

1 . This device is only guaranteed for 16 MHz operation. 

2. These are not tested. They are guaranteed by design characterization. 
Output Loadings: CLK2 75 pF Max. 

PCLK# 75 pF Max. 
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A.C. Tim 


ngs for DRAM Controller Unit 


Symbol 


Parameter 


Figure 


Min 


Max 


Unit 


Notes 


T12 


RAS# Active Delay from CLK2 


4.3 




55 


ns 




T13 


RAS# Inactive Delay from CLK2 


4.3 


8 




ns 




T14 


Row Addr Setup to R AS # Active 


4.3 


20 




ns 




T15 


Row Addr Hold from RAS# Active 


4.3 


20 




ns 




T16 


RAS# Precharge Time 


4.5 


92 




ns 




T17 


Col Addr Setup to CAS# Active 


4.3 


25 




ns 




T18 


Col Addr Hold from CAS# Active 


4.3 


25 




ns 




T19a 


CAS# Active Delay from CLK2 


4.3 




55 


ns 


(Notel) 


T19b 


CAS# Active Delay from CLK2 (Read) 


4.6 




43 


ns 


(Note 2) 


T19c 


CAS# Active Delay from CLK2 (Write) 


4.4 




39 


ns 


(Note 3) 


T20 


CAS# Inactive Delay from CLK2 


4.3 


8 




ns 




T21a 


CAS# Active Pulse Width 


4.4 


37 




ns 


(Note4) 


T21b 


CAS # Active Pulse Width 


4.6 


62 




ns 


(Note 5) 


T23a 


CAS # Precharge Pulse Width 


4.4 


22 




ns 


(Note 4) 


T23b 


CAS # Precharge Pulse Width 


4.6 


52 




ns 


(Note 5) 


T24 


Read Data Setup before CLK2 


4.4 


11. 




ns 


(Note 6) 


T25 


Read Data Hold from CAS# Inactive 


4.4 


2 




ns 




T26 


Write Data Delay from CLK2 


4.4 




9 


ns 


(Note 7) 


T27 


Write Data Hold after CLK2 


4.4 







ns 




T28 


PARL/PARH Setup to CAS# Active 


4.4 







ns 




T29 


PARL/PARH Hold from CAS # Active 


4.4 


28 




ns 




T30 


DEN # Active from CLK2 


4.4 





20 


ns 




T31 


DEN # Inactive from CLK2 


4.4 


8 




ns 




T32 


DIR Delay from CLK2 


4.4 


25 


55 


ns 




T33 


WE # Setup to CAS # Active 


4.6 


5 




ns 




T34 


386SX CPU Addr, BHE#, BLE# Setup to CLK2 


4.3 


26 




ns 




T79 


RAS# Active Delay from MEMx# 


4.10 




36 


ns 


(Note 8) 


T80 


RAS# Pulse Width 


4.10 


150 




ns 


(Note 8) 


T81 


CAS# Inactive from Memx# 


4.10 


9 


40 


ns 


(Note 8) 


T82 


CAS# Active Delay from RAS# Active 


4.10 


55 


100 


ns 


(Note 8) 


T83 


Refresh Pulse Width 


4.10 


375, 




ns 





NOTES: 

■1. AH cycle except a) F1/F4 page-mode write, b) W01/02 page-hit-bank-miss. 

2. Page-hit-bank-miss read cycles in W01 /W02. 

3. Page write cycles in F1/F4, or page-hit-bank-miss write cycles in W01/W02. 

4. F1 /F4 mode only. 
5.W01/W02modeonly. 

6. For parity checker. 

7. To guarantee PARL, PARH timings. 

8. DMA/ MASTER mode timings. 



Output Loadings: 



RAS#: 125pFto250pF 
CAS#:75pFto150pF 



WE*: 100pFto500pF 

MA, DEN#, DIR: 25 pF to 75 pF 



4-659 



inter 



82335 



AflWANKSI OMFOKOWOOi 



Other A.C. Timings 


Symbol 


Parameter 


Figure 


Min 


Max 


Notes 


T40 


W/R#,M/IO#,D/C#, 
ADS # Setup to CLK2 


4.3 


29 






T41 


RESETSX Valid before CLK2 


4.2 


15 




CLoad = 30 pF 


T42 


RESETSX Hold after CLK2 


4.2 


6 




^Load = 30 pF 


T43 


READYSX# Valid before CLK2 


4.11 


20 




CLoad = 30 pF 


T44 


READYSX# Hold after CLK2 


4.11 


6 




^Load = 30 pF 


T45 


NA# Valid before CLK2 


4.3 


7 




^Load ~ 30 pF 


T46 


NA# Hold after CLK2 


4.3 


27 




C Loa d = 30 pF 


T47 


HRQSX Valid before CLK2 


4.12 


28 




C Loa d = 30 pF 


T48 


HRQSX Hold after CLK2 


4.12 


7 




C Loa d = 30 pF 


T54 


READYNPX# Setup to CLK2 


4-11 


31 






T55 


READYNPX* Hold from CLK2 


4.11 









T57 


READY286# Setup to PCLK# 


4.11 


15 


90 




T58 


READY286# Hold from PCLK# 


4.11 


10 






T59 


RESETCPU Setup to CLK2 


4.2 


15 




(Notel) 


T60 


RESETCPU Hold from CLK2 


4.2 


15 




(Notel) 


T61 


A20GATE Setup to CLK2 


4.12 


40 




(Notel) 


T62 


A20GATE Hold from CLK2 


4.12 


15 




(Notel) 


T63 


HRQ286 Setup to CLK2 


4.12 


50 






T64 


HRQ286 Hold from CLK2 


4.12 


5 






T66 


MEMR#, MEMW#, REFRESH #, 
TURBO# Setup to CLK2 


4.12 


50 




(Notel) 


T67 


MEMR#, MEMW#, REFRESH#, 
TURBO# Hold from CLK2 


4.12 


5 




(Notel) 


T68 


EXTRDY Setup to CLK2 


4.11 


50 






T69 


EXTRDY Hold from CLK2 


4.11 


6 






T70 


M/I0286#, S0# and S1 # Output 
Delay from PCLK# 


4.12 


5 


25 


C Lo ad = 100 pF 


T71 


ROMCS#, LMEGCS# Output 
Delay from Valid Address 


4.3 




40 


^Load = 50 pF 


T72 


OBMEM Output Delay from 
Valid Address 


4.3 




40 


C L oad = 100 pF 


T73 


D0-D1 5 Output Delay form PCLK# 


4^8 


5 


4° 


CLoad = 120pF 


T74 


PERROR# Output Delay from PCLK# 


4.4 




50 : 


CLoad = 50 pF 


T75 


HLDA Active Delay from HRQ286 


4.10 


92 






T76 


HLDA Inactive Delay from HRQ286 


4.10 


185 






Cin 


Input Capacitance 






10 


pF(Note2) 


c OUT 


Output or I/O Capacitance 






12 


pF(Note2) 


CfJLK 


CLK2 Capacitance 






20 


pF(Note2) 



NOTES: 

1. Asynchronous parameters, provided to assure recognition at a specific clock edge. 

2. Not tested. These are guaranteed by design characterization. 
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4.3 A.C. Timing Diagrams 

The following diagrams illustrate AC timing relations. 




Figure 4.1. Clock Timings 
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Figure 4.2a. Power-On Reset Sequence 
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Figure 4.2b. RESETCPU Sequence 



4-661 



inter 



82335 



' AflWANGB OMIF©KIMIA?0®i 



CYCLE 1 


CYCLE 2 


INACTIVE CYCLE 


240340-21 


CLK2 

RAS# 

CAS# 

DATA 

MA0-MA9 

ADS# 

A23-A1, 

W/R#,M/IO#, 

BHE#,BLE#, 

D/C# 

LMEGCS, OBMEM, 

ROMCS0.ROMCS1 

DIR 
DEN# 
NA# 


*1 . *2 

r\Jrv. 


*i l *2 

njrv 

— T12— 


*1 | *2 ' *1 | *2 #1 |*2 *1 j *2 

nLn_rurvnJr\_njr\.r 


-T13 


#1 j *2 

r\Jr\_ 




L 


r 

— T20 




— T19a— 




— T19a— 




, 






i 


i 




' 




T20— 














T15 T17 


TIB 


















)WIIL 


2 iROW ADDRESS] [ COLUMN ADDRESS 1 




[ COLUMN ADDRESS 2 


vy ////// 


Y — T40 — «- 


r 










/ 














\ 










1 


-T34 
T40a 






X CPU ADDRESS 1 


~)( CPU ADDRESS 2 


x 






T. T71 


















1 T72 










! 






X 




X 








^ 














tWiff* 


w 






T3Q 


( 




T3J 
















' 


' 


"1 


/ 




~-T45— 


T46, 

i 






^ 










' 


' 


, 


/ 































Figure 4.3. DRAM Cycles— Inactive . . . Read . . . Page Read . . . Inactive 

NOTES: 

1. Add 1 Wait State for W01 Mode. 

2. Add 1 Wait State for W01 Mode, 2 Wait States for W02 Mode. 
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Figure 4.4. DRAM Cycles — Page Read . . . Page Write . . . Page Read F1/F4 Mode 
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Figure 4.5. DRAM Cycles— Page Write . . . Bank-Hit-Page-Miss Read . . . Inactive 

NOTES: 

1. Add 1 Wait State for W01 Mode or 2 Wait States for W02 Mode. 

2. Add 1 Wait State for W02 Mode. 
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Figure 4.6. DRAM Cycles— Bank Switch Page Read . . . Bank 
Switch Page Write . . . Bank Hit Page Read for W01/W02 Mode 



NOTE: 

1. Add 1 Wait State for W02 Mode. 
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Figure 4.7. DRAM Cycles— Non-Turbo Mode Read 



LOCAL MEMORY WRITE 



I/O READ 



| T1P | T2P I T1 | T2 ' ■ | j T2 | T2 | 

clk2 jnjnjn_nJnjnjnjn-^ 

PCLK# <p 

address" 



M/IO#- 
BHE#,BLE#- 



so#,sr#- 

M/I0286# 



|— T73 
- < DATA OUT > - 



\ ^ACTIVE 7 " 



- <CC DATA IN 



DEN 

dir" 

NA#" 

READY286# ' 

READYSX ' 



Figure 4.8. Local Memory Write ... I/O Read 
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Figure 4.9. Numeric Coprocessor Interface Timing 
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Figure 4.10. DMA/MASTER DRAM Access and Refresh Timings 



4-665 



inteT 



82335 



JWAMGB OMF©^ffifflAf D®&3 



CLK2 a 
PCLK# - 
READY286# 
READYNPXjf" 
EXTRDY 
READYSX 




T43 J1M 



EXTRDY INACTIVE DELAYS THE 
TERMINATION OF LOCAL MEMORY CYCLES 
240340-29 



Figure 4.1 1. Ready Setup and Hold Timing 
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Figure 4.12. Misc. Setup and Hold Timings 

NOTE: 

The information contained in this data sheet is advance information. It is accurate at the time of printing, however, Intel 
reserves the right to make changes without notice. 
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82230/82231 
HIGH INTEGRATION AT*-COMPATIBLE CHIP SET 



Fully IBM PC-AT* System Compatible 

Two Chip Set Replaces the Major Logic 
Functions of the IBM PC-AT 
Motherboard Including the Functions of 
all the Microprocessor Peripherals: 

— 8259A Programmable Interrupt 
Controller (Master) 

— 8259A Programmable Interrupt 
Controller (Slave) 

— 8254 Programmable Interval Timer 

— 8284A Clock Generator 
—82284 Clock Generator & Ready 

Interface 

— 82288 Bus Controller 

— 8237 DMA Controller (2) 

— 6818 Real Time Clock 

— 74LS612 Memory Mapper 



Includes: 

— Refresh Generation Logic 

— Refresh/DMA Arbitration 

— Address/Data Bus Control 
— 16- to 8-Bit Conversion Logic 

Memory Refresh Controller Drives Up 
to 4 Mb DRAMs 

Numeric Processor Control Logic 

Up to 12 MHz System Clock Utilizing 
RAMs with Zero Wait States 

Single + 5V Power Supply 

CHMOS Technology 

84 Pin PLCC Packages 

(See Packaging Specification Order #231369-004) 



The 82230 and 82231 are a two-chip implementation of LSI/MSI/SSI logic controlling the IBM Personal 
Computer AT. The devices provide a low power, highly integrated PC-AT design solution that may be applied 
to any 80286-based system. 

The 82230 performs the functions of the 82284 Clock Generator & Ready Interface, 82288 Bus Controller for 
80286 processors, 6818 Real Time Clock/RAM, and the Master-Slave, implementation of the dual 8259A 
Programmable Interrupt Controllers as well as Command Delay, Shut Down, Address/Data Bus Control and 
Ready Generation logic, 

The 82231 includes the 8254 Programmable Interval Timer, 8284A Clock Generator, LS612 Memory Mapper 
and the dual 8237 DMA Controller functions as well as Refresh Generation and Refresh/DMA Arbitration 
Logic. 

NOTE: 

" + " and "-" in front of signal names is consistent with PC-AT Documentation. 

*PC-AT is a Trademark of International Business Machine Corporation. 



4-667 



August 1988 
Order Number: 240017-002 



inteT 



82230/82231 



raBdRgDIiiAIRV 



XD7 .... XO0 



X3»- 

X4B- 
PROCCLKB- 
SYSCLKB- 
PCLKB- 
-PCLK»- 
S0»- 
SIB- 
READY ■- 
0WS»- 



82284 

CLOCK 

GENERATOR/ 

READY INTERFACE 

AND LOGIC 



F16»- 
REF RDY»- 



COMMAND 
DELAY 
LOGIC 




BUS 
CONTROLLER 



-LSDENB- 
-MSDEN*^ 



BUS 

CONTROL 

LOGIC 



-RC»- 
A1»~ 



RESCPU*- 
♦RESET m- 



CPU 

SHUTDOWN 

LOGIC 




CO PROCESSOR 

INTERFACE 

LOGIC 



<x> 



<x> 



8259 

PROGRAMMABLE 

INTERRUPT 

CONTROLLER 



IRO0 



^■♦OPT 






IRQ3 
IRQ4 
IRQ5 
IRQ6 



8259 

PROGRAMMABLE 

INTERRUPT 

CONTROLLER 



Hi -INTR1CS 



IXAO 



-•-INTR2CS 



^•IRQ9 



-K 
^ 



IRQ10 
IRQ11 

IRQ12 
IRQ14 
IRQ15 



<K> 



6818 

REAL TIME 

CLOCK 



■Hi CCRR/W 
-flCCROSC 
-« CCRRST 
HTBATT 



Hi POWERGOOD 



ADDR/DATA BUS 

CONTROL AND 

MISCELLANEOUS LOGIC 



■ A0 

■ SAO 

I SM/15 
IA20 

■ A20GATE 
INA20 
I-AEN1 

■ -AEN2 

■ + FSYS16 

■ DIR245 

■ GATE245 
I-IOCS16 



urn 



240017-3 



82230— Block Diagram 



4-668 



int^r 



82230/82231 



mURMAOW 



xxxxxxxx 

S8SS8S28 
*■■■■■■■ 



-IOR»_ 

-lOWs- 

-XMEMWs- 

-INTAB- 

-INTR1CSB- 

-INTR2CS*- 

-CS287*- 

-RDXDB*- 

-8042CS*- 

CCRR/W*- 



READ/WRITE 

LOGIC AND 

PERIPHERAL 

SELECT 

DECODE 



c 



-MASTER m- 

-DMAAEN ■- 

-AEN1 

-AEN2 ■- 

TC«- 

♦ACK»- 

SPEAKERb- 

+RESET 



MISCELLANEOUS 
LOGIC 



c 



IRQ0»- 



8254 

COUNTER/ 

TIMER 



< 



±z 



SYSCLK ■- 
OSC«- 



X1B- 
X2«- 



A17i 
A18I 
A191 

A20I 

A211 
A22I 
A23I 



CLOCK 

GENERATION 

& LOGIC 



74612 
MEMORY 
MAPPER 



<^ 



c 



MM 
iiii 



N 4 






< 






t 



8237 

DMA 

CONTROLLER 



JiDRQO 
DRQ1 
DR02 
DRQ3 



-^ 

^ 



-DACK0 
-DACK1 
-DACK2 
-DACK3 



c 



<J 



c> 



LATCHES 



x> 



d 



8237 

DMA 

CONTROLLER 



< 



DROS 
DRQ6 
DRQ7 



<\ 



DACK5 
DACK6 
DACK7 



<? 



g^ 



$> 



LATCHES 



DRAM 
REFRESH 
COUNTER 
/LATCH 



REFRESH 

&DMA 

ARBITRATION 

& TIMING 



-■ CPU HRQ 
-■ -REFRESH 



H1P2 

■Hi REFRDY 



PARITY 
CHECK 
LOGIC 



HiNMI 
-■-IOCHCK 



240017-4 



82231— Block Diagram 



4-669 



inteT 



82230/82231 



PRBUIMONIMV 





\i \* |» |» |„ |» | w |* |» | M |- |s |s |s |s |s |a |si |a a |a 




12 


POWER G 

CCRRST 

NC 

IRQ15 

IRQ14 

IRQ12 

IRQ11 

IRQ10 

IR09 

IRQ7 

IRQ6 

IRQ5 

IRQ4 

IRQ3 

+RES287 

-NPCS 

-ERROR 

BUSY 


$ XDO 


74 


13 


SAO § 


XD1 


73 


14 


A1 ° X02 


72 


15 


AO XD3 


71 


16 


NA20 XD4 


70 


17 


A20 XD5 


69 


18 


SO XDO 


68 


19 


S1 XD7 


67 


20 


M/IO -MEMR 


66 


21 


READY CPUHLDA 


65 


22 


INTR REFRDY 


64 


23 


+RESCPU *2230 _ AEN1 


63 


24 


Vcd -AEN2 


62 


25 


V S S1 CCRR/W 


61 


26 


X3 -CS287 


60 


27 


X4 IRQO 


59 


28 


PROCCLK -INTR1CS 


58 


29 


BUSY286 -INTR2CS 


57 


30 


XA3 -INTA 


56 


31 


XAO +RESET 


55 


32 


2 

-IOR 

-IOW 

-RC 

A20GATE 

♦OPT 

V S S3 

-OWS 

+FSYS16 

F16 

-MEMW 

-PCLK 

PCLK 

CNTLOFF 

LSDEN 

DT/R 

-MSDEN 

GATE245 

DIR245 

-IOCS16 

-XBHE 

ALE 

m 


54 




k Is Is Is k Is Is k b Is k k k k k k k hsls k k 




240017-1 



Pin Diagram 82230 







p p 


(O 


09 kj |o> 


II loo |o» OB |o» Iod |"J |»J |«J |>l -J 
wi \t- Icj In> -* 15 Iw to -* o <o oo |>i o> wi 






/ 


< < 

8 5 


1 


XXX 


XXXXXXXXXXXXX>> 




12 

13_ 

14 
15 
16 
17 


XDO 
XD1 
XD2 
XD3 
XD4 
XD5 








A19 
A20 
A21 
A22 
A23 
X2 


74 
73 
72 

JM 

70 
69 


18 


XD6 








XI 


68 


19 
20 
21 
22 


XD7 
NC 
HLDA 
REFRDY 








OSC 
SPEAKER 

NMI 
CPU HRO 


67 
66 
65 
64 


23 


-AEN1 








82231 -8042CS 


63 


24 
25 
26 


-AEN2 

-CCRR/W 

-CS287 






T/C 
-DACKO 
-DACK1 


, 62 

_61 

60 


27 
28 


IROO 
-INTR1CS 






-DACK2 
-DACK3 


59 
58 


29 
30 
31 


-INTR2CS 

-INTA 

+RESET 






-DACK5 
-DACK6 
-DACK7 


57 
56 
55 


32 


SYSCLK 








V S S2 


J4_ 






11 


D 


O m o 

xzo 


V C C2 

DRQ7 

DRQ6 

DRQ5 

DRQ3 

DRQ2 

DRQ1 

DRQO 

-XMEMW 

-XMEMR 

-lOCHCK 

IOCHRDY 

-REFRESH 

-MASTER 

-DPCK 








la Is 




Is Is Is 


w l£ l*» I * I* I* I* * I* r* I* UP \v |w |c* 
25 5 |-» t w « jut p» N ot <o I© -* ho Iw 





Pin Diagram 82231 



4*670 



inV 



82230/82231 



G^IUMOIMI^ 



82230 PIN DESCRIPTION 



Symbol 


Pin 
No. 


Type 


Description 


AO 


15 


I 


ADDRESS input from the CPU. It is used to generate 
SAO. 


A1 


14 


I 


ADDRESS 1 input from the CPU. It is used in 
conjunction with M/IO, SO and S1 to detect a CPU 
Shutdown condition. 


A20 


17 





ADDRESS 20 is the A20 (NA20) line from the CPU after 
conditioning by the A20GATE signal. During a CPU Hold 
A20 goes to a high impedance state. 


A20GATE 


50 


I 


A20GATE from the Keyboard Controller is used to force 
A20 low. When A20GATE is low, A20 on the CPU 
Address Bus is forced low. When A20GATE is high, A20 
follows the CPU Address 20. Tie directly to the P21 Pin 
of the Keyboard Controller. 


-AEN2 
-AEN1 


62 
63 


I 


ADDRESS ENABLE 1 & 2 from DMA's 1 & 2, 
respectively. The signal is the result of the DMAAEN pin 
NAND'd with -MASTER. Tie directly from the - AEN1 
and - AEN2 pins of 82231 . 


ALE 


33 





ADDRESS LATCH ENABLE is an active high signal that 
controls the address latches used to hold addresses 
during bus cycles. ALE is held inactive for Halt bus 
cycles. 


BATT 


32 


I 


BATTERY Power to the Clock Calendar and RAM. 


-BUSY286 


29 





- BUSY286 is an active low output indicating the 
operating condition of the 80287 coprocessor to the 
processor. It is normally tied to the processor - BUSY 
pin. 


-BUSY 


11 


I 


-BUSY is an active low input from the 80287 to indicate 
that it is currently executing a command. It is used to 
generate the - BUSY286 output signal. 


CCROSC 


77 


I 


CLOCK CALENDAR OSCILLATOR; 32.768 KHz signal. 


CCRRST 


79 


I 


CLOCK CALENDAR RESET signal for the Real Time 
Clock. This is an active low input. 


CCRR/W 


61 


I 


CLOCK CALENDAR READ/WRITE signal for the Real 
Time Clock. A high enables READ/WRITE operation to 
the real-time clock. Tie directly from the CCRR/W Pin of 
82231. 


CNTLOFF 


41 





CONTROL OFF is used to enable the low byte data bus 
latch during byte accesses. This signal is active high. 


CPU HLDA 


65 


I 


CPU HOLD ACKNOWLEDGE is an active high input 
from the processor. An active condition indicates that 
the CPU has relinquished the bus to another bus master 
in the system. 


-CS287 


60 


I 


CHIP SELECT 287 is used to derive the - NPCS signal. 
Tie directly from the - CS287 pin of 82231 . 


DIR245 


36 





DIRECTION-245 controls the high to low byte and low to 
high byte conversion during data transfers to and from 
8-bit peripherals. 



4-671 



iny 



82230/82231 



^IsmOIMOIMIEW 



82230 PIN DESCRIPTION (Continued) 



Symbol 


Pin 
No. 


Type 


Description 


DT/R 


39 





DATA TRANSMIT/RECEIVE establishes the data 
direction to and from the local data bus. When high, this 
output signals a CPU write bus cycle. A low indicates a 
CPU read bus cycle is being performed. This signal is 
always high when no bus cycle is active. 


-ERROR 


10 


I 


ERROR is a negative edge triggered input from the 
numeric processor indicating that an unmasked error 
condition exists. Tie directly from the -ERROR Pin of 
the 80287. 


F16 


45 


I 


F1 6 is an active high input indicating a word memory 
access. It is used to inhibit command delays for memory 
accesses. 


+ FSYS16 


46 


I 


A latched version of F1 6. 


-GATE245 


37 





GATE245 is an active low output. When active it enables 
the bus transceiver that performs the high to low byte 
conversion with the DIR245 signal. Conversion does not 
take place if A0 = which indicates a word transfer. 


-INTA 


56 





INTERRUPT ACKNOWLEDGE instructs an interrupting 
device that its interrupt request is being acknowledged. 
This signal is active low. - INTA is tri-stated when CPU 
HLDA is high and CNTLOFF is low. Tie directly to the 
-INTA pin of 82231. 


INTR 


22 





INTERRUPT REQUEST is connected directly to the 
CPU's interrupt pin. INTR is active high, and is 
generated when a valid interrupt request has been 
asserted. 


-INTR1CS 


58 


I 


INTERRUPT CONTROLLER 1 (MASTER) CHIP 
SELECT is an active low output that is used to select the 
Interrupt Controller as an I/O device. This allows 
communication between the master interrupt controller 
and the CPU via the 'X' Data Bus. Tie directly from the 
-INTR1CS pin of 82231. 


-INTR2CS 


57 


I 


INTERRUPT CONTROLLER 2 (SLAVE) CHIP SELECT 
is an active low output that is used to select the Interrupt 
Controller as an I/O device. This allows communication 
between the slave interrupt controller and the CPU via 
the 'X' data bus. Tie directly from the - INTR2CS Pin of 
82231. 


-IOCS 16 


35 


I 


I/O 16-BIT CHIP SELECT signals the system that the 
current data transfer is a 1 6-bit, one wait-state, I/O 
cycle. It is derived from an address decode and is an 
active low signal. 


-IOR 


53 


I/O 


I/O READ signal instructs a selected I/O device to drive 
its data onto the data bus. The - IOR signal is active 
low. It is tri-stated when CPU HLDA is high and 
CNTLOFF if low. 


-IOW 


52 


I/O 


I/O WRITE signal instructs a selected I/O device to read 
the data on the data bus. The - IOW signal is active low. 
It is tri-stated when CPU HLDA is high and CNTLOFF is 
low. 
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82230 PIN DESCRIPTION 


(Continued) 


Symbol 


Pin 
No. 


Type 


Description 


IRQO 


59 


I 


INTERRUPT REQUEST (system timer) receives 
Interrupt requests from channel of the timer/counter. 
Tie directly from the IRQO pin of 82231 . 


IRQ7-IRQ3 
IRQ10-IRQ9 
IRQ12-IRQ11 
IRQ15-IRQ14 


3-7 

1-2 

83-84 

81-82 


I 
I 

I 
I 


INTERRUPT REQUESTS 3-7, 9-12, and 14-15 are 
used to signal the CPU that an I/O device needs 
attention. The interrupt requests are prioritized with 
IRQ9-IRQ12 and IRQ14-IRQ1 5 having the highest 
priority (IRQ9 highest) and IRQ3-IRQ7 having the 
lowest priority (IRQ7 lowest). IRQn signals are active 
high. The requesting signal is held high until the CPU 
acknowledges the interrupt request. 


-LSDEN 


40 





LEAST SIGNIFICANT DATA ENABLE is an active low 
output. When active, it enables the transceiver/ receiver 
connected to the least significant byte of the local data 
bus. 


-MEMR 


66 


I/O 


MEMORY READ COMMAND instructs a memory device 
to drive data onto the data bus. This signal is active low. 
- MEMR is active on all memory read cycles. It is tri- 
stated when CPU HLDA is high and CNTLOFF Output is 
low. 


-MEMW 


44 


I/O 


MEMORY WRITE COMMAND instructs a memory 
device to read the data on the data bus. This signal is 
active low. - MEMW is active on all memory write 
cycles. It is tri-stated when CPU HLDA is high and 
CNTLOFF Output is low. 


-MSDEN 


38 





MOST SIGNIFICANT DATA ENABLE is an active low 
output/When active, it enables the transceiver 
connected to the most significant byte of the local data 
bus. 


M/IO 


20 


I 


MEMORY-INPUT OUTPUT is the M/IO signal from the 
CPU. When high, it indicates a memory access. When 
low, it indicates an I/O access. It is used to generate the 
memory and I/O signals for the system. 


NA20 


16 


I 


NA20 is the CPU address 20. 82230 conditions this 
signal with A20GATE to produce A20. NA20 is tied 
directly from the CPU A20 output. 


NC 


80 




Do Not Connect. 


-NPCS 


9 





NUMERICAL PROCESSOR CHIP SELECT is an active 
low output used to select the 80287 Numerical 
Processor. It is tied directly to the NPS1 pin of the 
80287. 


+ OPT 


49 


I 


KEYBOARD OUTPUT BUFFER FULL is an active high 
signal from the Keyboard Controller P24 Pin. The signal 
is an interrupt request (IRQ1) signaling a full keyboard 
buffer. 


-OWS 


47 


I 


ZERO WAIT STATE option. When pulled active (low), 
the current processor cycle can be terminated. 
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82230 PIN DESCRIPTIO 


Y (Continued) 


Symbol 


Pin 
No. 


Type 


Description 


PCLK 


42 





PERIPHERAL CLOCK is half the frequency of 
PROCCLK. It is used to clock peripheral controllers, 
specifically XTAL1 of the Keyboard Controller. 


-PCLK 


43 





PERIPHERAL CLOCK INVERTED is the inverse of 
PCLK. It has been made available specifically for XTAL2 
of the Keyboard Controller. 


PROCCLK 


28 





PROCESSOR CLOCK provides the clock signal for the 
CPU and 80287 Numerical Processor. It is equal to the 
frequency of the crystal across pins X3 and X4. Tie 
directly to the CLK Pins of the 80286 and 80287. 


POWER 
GOOD 


78 


I 


POWER GOOD is an active low input that indicates that 
system power is sufficient to maintain the integrity of the 
system. If high, it will force a system reset. 


RC 


51 


I 


RESET CPU from the keyboard controller P21 Pin. 


READY 


21 





READY is an active low output which signals that the 
current bus cycle is to be completed. SO, S1 , POWER 
GOOD, and 0WS control the READY. 


R'EFR'DY 


64 


I 


REFRESH/IO-CHANNEL-READY is generated by 
82231 . It is used to preset the READY Interface 
Asynchronous READY (ARDY). 


+ RES 287 


8 





RESET 80287 is the reset signal for the 80287 
Numerical Processor. 


RES CPU 


23 





RESET CPU is the reset signal for the CPU, Active high, 
RESCPU is generated when either POWERGOOD or RC 
become active, or when the CPU generates a HALT 
status by forcing M/IO high. SO, S1 and A1 low. If this 
signal is initiated by RC, or by M/IO, SO, S1 and A1 , it 
will remain active for 16 PROCCLK cycles. 


+ RESET 


55 





RESET (SYSTEM) is an active high output derived from 
the POWER GOOD input. + RESET is used to force the 
system into an initial state. When + RESET is active, 
READY will also be active (Low). 


S0.S1 


18,19 


I 


STATUS inputs from the CPU. The status signals are 
used by the bus controller to determine the state of the 
CPU. 


SAO 


13 





ADDRESS of the CPU bus. SAO outputs A0 from the 
CPU during local CPU cycles. During a CPU Hold SAO 
goes to a high impedance state so that another master 
on the expansion bus can take control. During an 
interrupt acknowledge this signal will be forced low. 


SM/lO 


■12 


I 


SYSTEM MEMORY-INPUT OUTPUT is the M/IO signal 
from the CPU, conditioned by ALE. 


SYSCLK 


54 


' 


SYSTEM CLOCK is the result of PROCCLK divided by 
two, thus synchronized to the processor's T-states. It 
may be used to clock peripheral devices that must be 
synchronized to the CPU. 
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82230 PIN DESCRIPTION (Continued) 



Symbol 


Pin 
No. 


Type 


Description 


Vcci 

VCC2 


24 
75 




POWER: + 5V supply. 


Vssi 

VsS2 
VSS3 


25 
76 
48 




GROUND. 


X3 
X4 


26 
27 


I 

o 


CRYSTAL Inputs used to generate PROCCLK and 
SYSCLK. The crystal frequency must be twice the 
processor clock frequency. Alternatively, an oscillator 
may be connected to X3. 


XAO 


31 


I 


ADDRESS is used by the 8259A to decipher command 
words the CPU issues. XAO works in conjunction with 
the read, write and chip select signals to the interrupt 
controller in determining whether the CPU wishes to 
issue a command or read the status of the controller. 


XA3 


30 


I 


ADDRESS 3 is used for generating the chip select and 
reset signals for the 80287. 


-XBHE 


34 


I/O 


BUS HIGH ENABLE is an active low signal which is used 
by 82230 to generate the MSDEN signal. 


XD7-XD0 


67-74 


I/O 


Data Bus 0-7 for the peripheral bus. The direction of the 
bus is determined by the - RDXDB signal from 82231 . It 
is used by the 8259A to decipher command words the 
CPU issues. 



82231 PIN DESCRIPTION 



Symbol 


Pin 
No. 


Type 


Description 


-8042CS 


63 


O 


8042 CHIP SELECT is an active low, chip select signal 
for the Keyboard Controller. 


A23-A17 


70-76 


O 


A23-A1 7 are the Address bits 1 7-23 of the CPU 
Address bus. They are outputs directly from the Memory 
Mapper Pins M01 -M07 and supply page information 
during DMA transfers. These outputs are tri-stated 
unless HLDA and -MASTER are high. 


+ ACK 


36 


o 


ACKNOWLEDGE is an active low output. When active it 
enables the bus transceiver between the system and 
peripheral (XBUX) bus. + ACK is used in conjunction 
with -RDXDB which controls the direction of the bus 
transceiver. 


-AEN1 
-AEN2 


23 
24 






ADDRESS ENABLE FROM DMAs 1 & 2, respectively. 
The signal is the result of the DMA's AEN signal NAND'd 
with -MASTER. Tie directly to the -AEN1 and -AEN2 
pins of 82230. 


CCRR/W 


25 





CLOCK CALENDAR READ/WRITE signal for the real- 
time clock. A high enables RE AD/ WRITE operations to 
the real-time clock. Tie directly to the CCRR/W pin of 
82230. 


CPUHRQ 


64 





CPU HOLD REQUEST is an active high output indicating 
a DMA request to the CPU. It is also active during 
refresh cycles. CPU HRQ is normally connected to the 
80286 HOLD Pin. 
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82231 PIN DES 


JCRIPTION 


(Continued) 


Symbol 


Pin 
No. 


Type 


Description 


-CS287 


26 





CHIP SELECT 287 is used by 82230 to derive the 
-NPCS signal. Tie directly to the -CS287 pin of 82230. 


-DACKO-3 
-DACK5-7 


61-58 
57-55 






DMA ACKNOWLEDGE 0-3 and 5-7 are used to 
acknowledge DMA requests (DRQO-3 & 5-7). The 
output signal is an active low. 


-DMAAEN 


37 





DMA ADDRESS ENABLE is an active low signal and is 
active when an I/O device is making a DMA access to 
system memory or during refresh. 


-DPCK 


39 


,- i 


DATA PARITY CHECK is used to generate NMI. This 
input is active low. 


DRQO-3 
DRQ5-7 


46-49 
50-52 


i 
i 


DMA REQUEST 0-3 & 5-7 are synchronous channel 
requests used by peripheral devices and I/O processors 
to gain DMA service. The requests are prioritized with 
DRQ0 having the highest and DRQ7 having the lowest 
priorities. A DRQ line must be held active (high) until the 
corresponding DACK line goes active. 


HLDA 


21 


i 


HOLD ACKNOWLEDGE is an active high input that is 
equivalent to CPU HLDA. An active condition inidicates 
that the CPU has relinquished the bus to another bus 
master in the system. 


-INTA 


30 


i 


INTERRUPT ACKNOWLEDGE instructs an interrupting 
device that its interrupt is being acknowledged, and the 
device may place its interrupt vector onto the data bus. 
This input signal is active low. - INTA is used by 82231 
in the generation of -RDXDB. Tie directly from 82230 
Pin 56. 


-INTR1CS 


28 


o 


INTERRUPT CONTROLLER 1 (MASTER) CHIP 
SELECT is an active low output that is used by 82230 to 
select the Interrupt Controller as an I/O device. This 
allows communication between the Master Interrupt 
Controller and the CPU via the 'X' Data Bus. Tie directly 
to the - INTR1 CS pin of 82230. 


-INTR2CS 


29 





INTERRUPT CONTROLLER 2 (SLAVE) CHIP SELECT 
is an active low output that is used by 82230 to select 
the Interrupt Controller as an I/O device. This allows 
communication between the Slave Interrupt Controller 
and the CPU via the 'X' Data Bus. Tie directly to the 
-INTR2CS Pin of 82230. 


-IQCHCK 


43 


I 


I/O CHANNEL CHECK is an active low input. It is used 
to indicate an uncorrectable system error. It provides the 
system with parity error information about memory or 
devices on the I/O channel. 


IOCHRDY 


42 


I 


I/O CHANNEL READY is generated by an I/O device. 
When low it indicates a 'not ready' condition and forces 
the insertion of wait states in I/O or Memory accesses 
by the I/O device. When active (high), it will allow the 
completion of a memory or an I/O access by the I/O 
device. 
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82231 PIN DESCRIPTION (Continued) 



Symbol 


Pin 
No. 


Type 


Description 


-IOR 


33 


I/O 


I/O READ signal instructs a selected I/O device to drive 
its data onto the data bus. The - IOR signal is active 
low. It is used for data transfers between the CPU and 
I/O devices and by DMA transfers. 


-IOW 


34 


I/O 


I/O WRITE signal instructs a selected I/O device to read 
the data on the data bus. The - IOW signal is active low. 
It is used for data transfers between the CPU and I/O 
devices and by DMA transfers. 


IRQO 


27 





INTERRUPT REQUEST (System Timer) from Channel 
of the Timer/Counter. Tie directly to the IRQO Pin of 
82230. 


-MASTER 


40 


I 


- MASTER is an active low input used in conjunction 
with a DRQ line to gain control of the system. A DMA 
controller or processor on the I/O channel may issue a 
DRQ to a DMA channel and receive a - DACK. The I/O 
processor may then activate - MASTER which will allow 
it to control the system address, data, and control lines. 


NC 


20 




Do Not Connect. 


NMI 


65 





NON-MASKABLE INTERRUPT is an active high output 
that is connected to the CPU NMI pin. 


OSC 


67 





OSCILLATOR output is the clock frequency of the 
crystal connected across X1 -X2. It is the OSC output 
from the Clock Generator. 


P2 


35 





P2 is an active high output indicating that a valid refresh 
address is available on the XA bus. 


-RDXDB 


38 





READ X-DATA BUS controls the direction of the 
bidirectional buffer between the least significant byte of 
the 'S' Data Bus and the 'X' Data Bus. - RDXDB is used 
in conjunction with + ACK to control XBUS activity. 
When + ACK is active (low) and - RDXDB is low, data is 
to be read from the peripheral bus. When + ACK is 
active (low) and - RDXDB is high, data is to be written 
to the peripheral bus. 


REFRDY 


22 





REFRESH/IO-CHANNEL-READY is generated by 
+ REFRESH OR'd with IOCHRDY. It is used by 82230 
to preset the Clock Generator & Ready Interface 
Asynchronous Ready (ARDY). 


-REFRESH 


41 


I/O 


REFRESH is an active low output used to initiate a 
refresh cycle for the dynamic RAMs. 


+ RESET 


31 


I 


RESET (SYSTEM) is an active high input from 82230. 
+ RESET is used to force 82231 , as well as the system, 
into an initial state. Tie directly from 82230 Pin 55. 


SPEAKER 


66 





SPEAKER DATA is an output of the Programmable 
interval timer tone signal used to drive the speaker. 


SYSCLK 


32 


I 


SYSTEM CLOCK input from 82230. It is used to 
synchronize 82231 to the system. Tie directly from 
82230 SYSCLK Pin. 


TC 


62 





TERMINAL COUNT provides a pulse when the terminal 
count for any DMA channel is reached. 
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82231 PIN DES 


iCRIPTION (Continued) 


Symbol 


Pin 
No. 


Type 


Description 


V CC1 
VCC2 


11 
53 




POWER: + 5V supply. 


Vssi 

VSS2 


10 
54 




GROUND. 


X1 
X2 


68 
69 


I 



CRYSTAL inputs for the internal oscillator used to 
generate clocking for I/O devices. A parallel resonant 
fundamental frequency mode crystal is required; An 
alternative oscillator may be connected to X1 . 


XA8-XA0 

XA9 

XA16-XA10 


1-9 

84 

77-83 


I/O 
I/O 

o 


XBUS ADDRESSES 0-16 are the peripheral addresses 
for the local I/O bus. 


XD0-XD7 


12-19 


I/O 


Data Bus 0-7 for the peripheral bus. The direction of the 
bus is determined by the - RDXDB signal from 82231 . 


-XMEMR 


44 


I/O 


MEMORY READ signal indicating a DMA read operation 
from peripheral devices or memory. 


-XMEMW 


45 





MEMORY WRITE signal indicating a DMA write 
operation to peripheral devices or memory. It is tri-stated 
except during DMA transfers. 
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FUNCTIONAL DESCRIPTION 



Introduction 

The 82230 and 82231 are a two-chip implementa- 
tion of LSI/MSI/SSI logic controlling the IBM Per- 
sonal Computer AT. The devices provide a low pow- 
er, highly integrated PC-AT design solution that may 
also be applied to any 80286-based system. With 
the 82230 and 82231, a PC-AT system can be de- 
signed to operate at 12 MHz with zero wait state 
RAM accesses. 

These standard cell products contain most of the 
logic peripheral to the microprocessors and memory 
on the "standard" AT motherboard. The LSI periph- 
erals which support the AT design reside as super- 
cells on the 82230/82231 chips. These peripherals 
are compatible with the products they replace and 
the user should refer to the standard product data 
sheets for additional information on the operation of 
these devices. 



The 82230 performs the functions of the 82284 
Clock Generator & Ready Interface, 82288 Bus 
Controller* 6818 Real Time Clock/RAM, and the 
Master-Slave implementation of the dual 8259A Pro- 
grammable Interrupt Controllers as well as Com- 
mand Delay, Shut Down, Address/ Data Bus Control 
and Ready Generation logic. 

The 82231 includes the 8254 Programmable Inter- 
rupt Timer, 8284A Clock Generator, LS61 2 Memory 
Mapper and the dual 8237 DMA Controller functions 
as well as, Refresh Generation and Refresh/DMA 
Arbitration Logic. 



PC-AT BLOCK DIAGRAM 

The block diagram is shown below in Figure 1 which 
shows the 82230 and 82231 being used in a PC-AT 
compatible design. Note how the basic structure of 
the PC-AT is retained in the design. The five address 
busses and four data busses are present. The 
82230 and 82231 'sit' on the X Address and Data 
Busses and monitor the status and control line out- 
puts from the 80286 in order to operate the peripher- 
al supercells. 
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Figure 1. Block Diagram of 82230 and 82231 for PC/AT 
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A brief description of each of the basic PC-AT bus- 
ses is included in order to show how a system de- 
sign using the 82230/82231 allows for the retention 
of the PCtAT bus structure. 



ADDRESS BUSSES 

The 82230/82231 allows a straightforward PC-AT 
design which preserves the five basic address bus- 
ses. System designers can interact with these bus- 
ses, create new busses, or eliminate busses, de- 
pending upon design objectives. Each bus must be 
independently buffered and separated by buffers/ 
latches. Most handshake signals are generated by 
the 82230/82231. 

The Local Address Bus is comprised of the 24 ad- 
dress pins emanating from the 80286. External buff- 
ers are required in order to separate the local 
address bus from the system address bus. A0, how- 
ever, is input directly into the 82230 and is used in 
conjunction with XBHE in order to enable the appro- 
priate memory bank. The 82230 inputs CPU address 
bit NA20 and outputs A20. 

The System Address Bus is the main AT address 
bus. This is a latched version of the local address 
bus, and is a 20-bit bus. SAO is an output of the 
82230 and SA1-SA19 are latched from the local 
address bus. The latch signal is ALE, which is gener- 
ated by the 82288 supercell in the 82230. CPU 
HLDA, generated by the 80286 and active high, 
should be used as the output enable signal. 

The Memory Address Bus applies to the RAM on the 
PC-AT system board only. It is a multiplexed version 
of the System Address Bus with nine address lines, 
MAO -MAS. External multiplexers are used to gener- 
ate the row and column addresses. 

The X Address Bus is separated from the System 
Address Bus. The X address lines are input/outputs 
into the 82230/82231. The X Address Bus is a 
motherboard address bus which is used to address 
ROM (BIOS) and motherboard I/O. In addition, the X 
Address Bus generates addresses for DMA and 
memory refresh. 

The L Address Bus is an unlatched 7-bit address 
bus. LA17-LA23 can allow a PC-AT design up to 16 
MBytes of address space. The L Address Bus 
should be made available at the expansion bus con- 
nector. 



DATA BUSSES 

The Local Data Bus is the name for the data bus 
lines emanating directly from the 80286. The local 
data bus has 16 lines, D0-D15. Because the 80286 
can do word and byte transfers and because word 
transfers need not be aligned, it is necessary to de- 
sign a bus interface which differentiates between the 
high bus byte and the low bus byte. 

The System Data Bus is the main data bus of a PC- 
AT system and interfaces with all other data busses. 
The 82230 and 82231 are designed to control these 
interfaces in order to simplify system design and 
maximize bus flexibility. 

The Memory Data Bus interfaces both DRAM and 
ROM. It is a 16-bit bus and connects with the Sys- 
tem Data Bus through buffers. 

The X Data Bus is the bus intended primarily for sys- 
tem board I/O functions. It interfaces to functions 
such as the DMA controllers, Interrupt controllers, 
Keyboard controller, and Real Time Clock. 



82230/82231 Interface 

The 82230 and 82231 are relatively independent of 
each other; the 82230 generates most of the timing 
and control signals and the 82231 controls the X 
Address Bus for DMA and refresh. Both chips have 
additional functions but because of the desire to par- 
tition the system design such that the 82230 and the 
82231 could be assembled in low cost 84-pin PLCC 
packages, each chip relies on the other for certain 
functions. This entails introducing dedicated inter- 
face signals between the 82230 and 82231 into a 
system design. The 82230/82231 interface requires 
14 pins on each device and these pins are described 
below. 

• REFRDY is generated by the 82231 and used to 
tell the 82230 to insert wait-states in response to 
the 82231 input IOCHRDY. IOCHRDY is active 
high. 

• -AEN1 and -AEN2 are signals generated by 
the 82231 which indicate DMA byte (-AEN1) or 
word (-AEN2) transfers, and are used by the 

82230 to generate bus buffer control signals. 

• CCRR/W is generated by the 82231 and used by 
the 82230 as part of the 6818 chip select. 

• -INTR1CS and -INTR2CS are generated by 
the 82231 and used by the 82230 as the interrupt 
controller chip selects. 

• -CS287 is generated by the 82231 and is used 
by the 82230 to generate 80287 control signals. 

• IRQ0 is the output of the 8254 timer on the 

82231 and is connected to interrupt request on 
the master interrupt controller in the 82230. 
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• + RESET is gener ated by the 82230 in response 
to POWERGOOD and is used by the 82231 for 
initialization. 

• SYSCLK is PROCCLK divided by two. 

• -INTA, -MEMR, -IOR, and -IOW are com- 
mands generated by the 82230 in response to 
the 80286 status inputs SO and S1, and are used 
by the 82231 as basic system commands. 



Coprocessor Interface 

The 82230 contains a coprocessor interface logic 
block to allow interfacing with an 80287 math co- 
processor. The coprocessor interface includes the 
IBM PC-AT compatible error handling hardware. 



Memory Operations 

When the 82230 and 82231 are used in a PC-AT 
system design, the system can be designed to oper- 
ate with the full 16 MBytes of memory that the 24 
address lines of the 80286 allow. 

The 82230/82231 chipset normally operates with 
one wait state inserted for memory operations and 
four wait-states inserted for I/O operations. The 
number of wait states may be increased for slow 
memory or I/O devices, or decreased if use of high- 
speed memory or I/O devices is desired in order to 
provide higher system performance. 

During normal operation, the number of ROM ac- 
cesses are relatively few compared to RAM access- 
es, so ROM subsystem speed does not significantly 
affect system performance. When designing high 
performance PC-AT systems, it should be verified 
that the ROM subsystem is fast enough for opera- 
tion. Note also that older versions of the IBM BIOS 
may not operate in systems faster than 8 MHz. Mod- 
ifications of both RAM and ROM subsystem per- 
formance are covered in detail in the Intel 286EX 
Application Note. 



System Clocks and Oscillators 

Because of the high level of integration of the 
82230/82231, several different clock frequencies 
are present on the chips. Figure 2 shows the rela- 
tionships between the various clock signals. 

PROCCLK is the main system clock which is used in 
a PC-AT system to generate all the basic system 
and bus timings. The clock is generated by the 
82230 and operates at twice the system clock fre- 
quency. See Table 1 for processor clock capaci- 
tance. The tolerance of the PROCCLK oscillator is 
independent of the 82230/82231 and is primarily de- 
termined by the requirements of the 80286 and 
80287 processors. For reliable operation at the 
specified Vqd and temperature condition, the proc- 
essor timing specifications must not be exceeded. 



Table 1. Recommended Fundamental Mode 

Crystal Characteristics and Recommended Load 

Capacitance for PROCCLK 



Oscillator Cr y stal °LOAD C, N (pF) C UT(PF) 
uscmator Freq> (pF) X3 X4 



PROCCLK 12 MHz 
PROCCLK 16 MHz 
PROCCLK 20 MHz 
PROCCLK 24 MHz 



20 


30 


10 


20 


30 


10 


20 


27 


8 


20 


22 


8 



SYSCLK is PROCCLK divided by two, and should be 
used as the expansion bus clock. SYSCLK is an out- 
put of the 82230. To ensure compatibility with ex- 
pansion cards, SYSCLK should not be above 8 MHz. 

X1 is an input to the 82231 which is 12 times the 
frequency used to clock the three counters in the 
8254 timer on the 82231. In order to be compatible 
with AT hardware and software, it should be a 
14.318 MHz fundamental mode crystal with Cload 
= 32 pF, and a 27 pF capacitor should be placed in 
series with the crystal. Alternately, a 14 MHz funda- 
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Figure 2. 82230 Clock Timing 
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mental mode crystal (Clqad = 32 pF) may be 
trimmed with a 5-50 pF trimmer capacitor in series 
for high accuracy applications such as NTSC or 
RS1 70 video-compatibility with chroma colorburst. 

Note that the trim cap must be adjusted with a low- 
capacitance nylon or teflon tuning wand for accurate 
trimming. Tolerance for this clock is 0.1 % or less for 
non-video or non time-critical use, 0.01% or greater 
if used for video color-burst or time-critical applica- 
tions. 



EXTERNAL OSCILLATORS 

External CMOS output drive oscillators may be used 
for either PROCCLK or.OSC. Simply connect the ex- 
ternal oscillator outputs to PROCCLK inputs X1 or 
X3. TTL output oscillators may be used if the output 
drive Voh is greater than 4.1V; pull-up resistors will 
generally suffice. The oscillator invertor outputs X2 
and X4 may be left open, or may be used to drive 
one moderate rise-time CMOS load if needed. 



The CCR clock is the low-frequency oscillator used 
to clock the 6818 Clock/Calendar/RAM on the 
82230. CCROSC tolerance is variable and depen- 
dent upon real-time clock accuracy requirements. 
See Table 2 for CCROSC clock tolerance and accu- 
racy. 



Table 2. CCROSC Tolerance/ Accuracy 



Tolerance 


Accuracy 


0.001% or 
10 ppm 


5 minutes/year 
trimming required 


0.01% or 
100 ppm 


1 minute/week no 
trimming required 


0.02% or 
200 ppm 


2 minutes/week no 
trimming required 


0.05% or 
500 ppm 


5 minutes/week no 
trimming required 
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ABSOLUTE MAXIMUM RATINGS" 

Ambient Temperature Under Bias ... . 0°C to 70°C 

Storage Temperature . . - 65°C to M- 1 50°C 

Voltage on any Pin 

with Respect to Ground . . . . -0.5V to Vcc + 0.5V 
Power Dissipation 1 W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



82230/82231 DC CHARACTERISTICS 

Vcc = 5V ±5%, V B AT = 2.8V to V G c. T A = 0°C to +70°C 



Parameter 


Conditions 


Min 


Max 


Units 


V|L 






0.5 


V 


V| H 




2.0 




V 


V|L 

82230 Pins 26, 77, 78, 79 

82231 Pins 41, 42, 68 






0.5 


V 


V| H 

82230 Pins 26, 77, 78, 79 

82231 Pins41,42,68 




4.5 




V 


V| H 

82230 Pin 47 




4.5(D 




V 


ho 


v, N = o 


-100 




jutA 


tio 

82230 Pins 26, 77, 78, 79 


V| N = 


-10 




jxA 


"11 


V|N = Vcc 




10 


julA 


Except for 82231 Pin 41 (2) 


V OH = 2.4 




-4 


mA 


lOL 


Vql = 0.45V 


4 




mA 


lOL 

82230 Pins 13, 28, 44, 52, 53 

54, 56, 66 

82231 Pins 33 34, 67 


v L = 0.45V 


16 




mA 


lOL 

82231 Pin 41 


Vql = 0.45V 


18 




mA 


loz 


v = o to V C c 


-10 


+ 10 


julA 


ICC 82230 


F= 10 MHz 
F= 12 MHz 




55 
60 


mA 
mA 


ICC 82231 


F= 10 MHz 
F = 12 MHz 




45 
50 


mA 
mA 


Ice 82230 
from Battery 


F = 32.768 KHz 
V B AT = 5V 
V C c = ov 




25 


jmA 


Ice 82230 
from Battery 


F = 32.768 KHz 
V BA T = 2.8V 
Vcc = ov 




20 


jixA 



NOTES: 

1. -0WS (82230 Pin 47) is driven by an open collector output. It is pulled up to CMOS voltage levels of Vcc ~ °- 5V b y a 
pullup resistor. 

2. -REFRESH (82231 Pin 41) is an open collector output. 
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82230 AC CHARACTERISTICS (V DD W 5V ± 5 o /o 


T A = ^qi<> 7D°P) 




'C ":;r 




Symbol 
-Figure 


Parameter 


10MHz 


12 MHz 


Units 


Notes 


Min 


Max 


Mfn 


Max 


53-15 
54-15 


-OWS Setup Time to PROCCLK i 
-OWS Hold Time from PROCCLK i 


25 





25 





ns 
ns 


13 
13 


v 


- OWS Setup Time to PROCCLK 4, 
-OWS Hold Time from PROCCLK I 


36 





36 





ris 
ns 


11 
11 


69-22 


A0 Setup Time to ALE 
A0 Hold Time from ALE 


30 





25 





ns 
ns 




26-6 
27-6 


A1 Setup Time to S1, SO 
A1 Hold Time from S1 , SO 


27 





22 





ns 
ns 




43-13 
44-13 
45-13 
46-13 


A20 Delay from NA20 

A20 Delay from A20GATE 

A20 Disable Delay from CPUHLDA f 

A20 Enable Delay from CPUHLDA I 




27 
37 
35 
35 




22 
32 
30 
30 


ns 
ns 
ns 
ns 


4 


17-3 
18-3 


ALE Active Delay from PROCCLK I 
ALE Inactive Delay from PROCCLK I 




25 
30 




23 
25 


ns 
ns 




68-21 


BUSY286 Delay from BUSY, - IOW 




35 




35 


ns 






CCROSC High Time 
CCROSC Low Time 
CCROSC Input Rise/Fall Time 


25 
25 


20 


25 
25 


20 


JU.S 
jltS 

ns 


5 
5 
12 


39-10,11 
40-10,11 


CCRR/W Setup Time to IOR/IOW i 
CCRR/W Hold Time from IOR/IOW f 



17 





15 




ns 
ns 






CCRRST Pulse Width 


100 




83 




ns 




67-20 


CNTLOFF Delay from PROCCLK i 




30 




25 


ns 




70-23 
71-23 


CPUHLDA Setup Time to PROCCLK i 
CPUHLDA Hold Time from PROCCLK I 


20 





15 





ns 
ns 




49-14 
49-14 


DIR245 Delay from - IOR 1 , - IOW 1 
DIR245 Delay from -MEMR, -MEMW 
DIR245 Delay from - AEN1 , - AEN2 




17 
17 
40 




15 
15 
35 


ns 
ns 
ns 




55-16 
56-16 


DT/R Delay High from PROCCLK I 
DT/R Delay Low from PROCCLK I 




45 
45 




40 
40 


ns 
ns 




60-16 
61-16 


F1 6 Setup Time to PROCCLK I 
F1 6 Hold Time from PROCCLK i 


30 





30 





ns 
ns 






+ FSYS16 Setup Time to PROCCLK | 
+ FSYS1 6 Hold Time from PROCCLK I 


100 
50 




83 
40 




ns 
ns 




50-14 
50-14 


-GATE245 Delay from -lORi, -lOWi 
-GATE245 Delay from -MEMR, -MEMW 
-GATE245 Delay from -AEN1, -AEN2 




22 
22 
45 




20 
20 
40 


ns 
ns 
ns 
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82230 AC CHARACTERISTICS (V DD = 5V ±5%,T A = o Cto70°C) (Continued) 



Symbol 
-Figure 


Parameter 


10 MHz 


12 MHz 


Units 


Notes 


Min 


Max 


Mln 


Max 


37-9 


Interrupt Request Pulse Width 


100 




100 




ns 


8 


29-7, 8 
30-7, 8 


- IOR, - IOW Active Delay from PROCCLK 1 

- IOR, - IOW Inactive Delay from PROCCLK I 

- IOR, - IOW Enable/Disable Delay from CPUHLDA 


3 
3 


15 
15 
40 


3 
3 


15 
15 
40 


ns 
ns 
ns 






- INTA Active Delay from PROCCLK i 

- INTA Inactive Delay from PROCCLK 4, 

- INTA Enable/Disable Delay from CPUHLDA 


3 
3 


,45 
45 
40 


3 
3 


35 
35 
40 


ns 
ns 
ns 




38-9 


INTR Delay from Interrupt 




175 




150 


ns 




33-7, 8 
34-7, 8 


-INTR1CS, - INTR2CS Setup Time to -IOR, -lOWi 
-INTR1CS, - INTR2CS Hold Time from -IOR, -IOWT 














ns 
ns 


, 


72-24 
73-24 


- IO CS 1 6 Setup Time to SYSCLK I 

- IO CS 1 6 Hold Time from SYSCLK I 


85 





75 





ns 
ns 




57-16 
58-16 
66-19 


- LSDEN, - MSDEN Active Delay from PROCCLK i 

- LSDEN, - MSDEN Inactive Delay from PROCCLK I 

- LSDEN, - MSDEN Delay from - NPCS 
-LSDEN, -MSDEN Active Delay from 
SM/IO after -CS287 Inactive 




45 
35 
15 

30 




40 
30 
15 

30 


ns 
ns 
ns 

ns 




79-16 
80-16 


- MEMR, - MEMW Active Delay from PROCCLK I 

- MEMR, - MEMW Inactive Delay from PROCCLK i 
-MEMR, -MEMW Enable/Disable Delay from CPUHLDA 


3 
3 


15 
15 
40 


3 
3 


15 
15 
40 


ns 
ns 
ns 




64-17 


-MSDEN Delay from -XHBE 




27 




25 


ns 




62-16 
63-16 


M/IO Setup Time to PROCCLK i 
M/IO Hold Time from PROCCLK i 


28 





25 





ns 
ns 




65-18 


- NPCS Delay from SM/IO - CS287, XA3, - INTA 




40 




35 


ns 




11-2 
12-2 
13-2 
14-2 


PCLK, -PCLK High Time 

PCLK, -PCLK Low Time 

PCLK, -PCLK Delay from PROCCLK 

PCLK, -PCLK Rise/Fall Times 


45 
45 


45 
7.5 


35 
35 


40 
5 


ns 
ns 
ns 
ns 


12 


19-4 
8-4 


POWER GOOD Setup Time to PROCCLK I 
POWER GOOD Hold Time from PROCCLK i 
POWER GOOD Rise/Fall Times 
POWER GOOD Inactive Pulse Width 


26 
50 

1 


20 


26 
41 

1 


20 


ns 
ns 
ns 

jULS 


3 
3 
12 


5-2 
6-2 
7-2 
9-2 


PROCCLK Delay from X3 
PROCCLK High Time 
PROCCLK Low Time 
PROCCLK Rise/Fall Time 


5 
16 
12 


25 
8 


5 
13 
11 


20 
8 


ns 
ns 
ns 
ns 


12 


22-5 
23-5 


- RC Setup Time to SYSCLK f 
-RC Pulse Width 


30 
100 




30 
83 




ns 
ns 


3 


51-15 
52-15 


READY Active Delay from PROCCLK I 
READY Inactive Delay from PROCCLK i 




22 
70 




18 
60 


ns 
ns 





4-685 



inteT 



82230/82231 



mWMMMPP 



82230 AC CHARACTERISTICS (V DD = 5V ±5%,T A = 0°Cto70°C) (Continued) 



Symbol 
-Figure 


Parameter 


10 MHz 


12 MHz 


Units 


Notes 


Min 


Max 


Min 


Max 




REFRDY Pulse Width 

REFRDY Hold Time from PROCCLK I 

REFRDY Setup Time to PROCCLK I 


50 
34 
-14 




40 
34 
-14 




ns 
ns 
ns 




74-25 


RES 287 Delay from -IOW 




60 




50 


ns 




21-4 


RES CPU Delay from PROCCLK I 




27 




22 


ns 




20-4 


+ RESET Delay from PROCCLK i 




50 




50 


ns 




41-12 
42-12 


SAO Enable Time from CPU HLDA 
SAO Disable Time from CPU HLDA 




60 
60 




50 
50 


ns 
ns 


4 


15-3 
16-3 


S1 , SO Setup Time to PROCCLK I 
S1 , SO Hold Time from PROCCLK I 


28 





15 





ns 
ns 




10-2 


SYSCLK Delay from PROCCLK I 


5 


20 


5 


20 


ns 




1-2 
2-2 
3-2 
4-2 


X3 Period 
X3 Low Time 
X3 High Time 
X3 Rise/Fall Times 


50 
17 
23 


5 


41.7 
15 
20 


3 


ns 
ns 
ns 
ns 


12 


35-8,11 
36-8,11 
31-7 
32-7 


XD0-XD7 Delay Time from -IOR I 
XD0-XD7 Hold Time from - IOR f ■ 
XD0-XD7 Setup Time to - IOW f 
XD0-XD7 Hold Time from - IOW f 


100 



45 
17 


83 



40 
15 


ns 
ns 
ns 
ns 





82231 AC CHARACTERISTICS (V DD = 5V ±5%, 


T A = 0°C to 70°C) 








Symbol 
-Figure 


Parameter 


10 MHz 


12 MHz 


Units 


Notes 


Min 


Max 


Min 


Max 


96-27 


- 8042CS Delay from XAx 




60 




48 


ns 




98-28 
99-28 

97-28 


A1 7-A23 Delay from SYSCLK f 
A17-A23 Enable Delay from HLDA 
or -MASTER 

A17-A23 Disable Delay from HLDA 
or -MASTER 




150 
100 

100 




125 
83 

83 


ns 
ns 

ns 


4 


100-29 
101-29 


+ ACK Delay from HLDA 

+ ACK Delay from - MASTER 




45 
45 




40 
40 


ns 
ns 




109-30 


- AEN1 , - AEN2 Delay from SYSCLK f 




130 




115 


ns 




94-27 
102-29 


CCRR/W Delay from XA X 

CCRR/W Delay from HLDA or - MASTER 




60 
50 




48 
41 


ns 
ns 




108-30,39 


CPU HRQ Delay from SYSCLK f 




80 




70 


ns 




95-26 
103-29 


-CS287 Delay from XAx 

-CS287 Delay from HLDA or -MASTER 




60 
50 




48 
41 


ns 
ns 




113-30 


-DACKO-3, -DACK5-7 Delay 
from SYSCLK t 




110 




100 


ns 




110-30 


- DMAAEN Delay from SYSCLK f 




140 




120 


ns 
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82231 AC CHARACTERISTICS (V DD = 5V ±5%,T A = 0°Cto70°C) (Continued) 






Symbol 
- Figure 


Parameter 


10 MHz 


12 MHz 


Units 


Notes 


Min 


Max 


Min 


Max 


132-32 
133-32 


- DPCK Setup Time to - XMEMR f 

- DPCK Hold Time from - XMEMR f 


8 
5 




6 
5 




ns 
ns 




107-30 


- DRQO-3, - DRQ5-7 Setup Time to SYSCLK f 












ns 


3,7 




HLDA Setup Time to SYSCLK f 
HLDA Hold Time from SYSCLK T 


70 





65 





ns 
ns 




28-7 
104-29 


- INTR1 CS, - INTR2CS Delay from XA X 

-INTR1CS, -INTR2CS Delay from HLDA or -MASTER 




60 
60 




41 
41 


ns 
ns 




134-33 


-IOCHCK Pulse Width 




25 




20 


ns 






IOCHRDY Setup Time to SYSCLK t 
(During Refresh) 

IOCHRDY Hold Time from SYSCLK f 
(During Refresh) 


25 
25 




25 
25 




ns 
ns 




114-30 
115-30 
116-30 
117-30 


- IOR, - IOW Active Delay from SYSCLK f 
(During DMA Transfers) 

- IOR, - IOW Inactive Delay from SYSCLK f 
(During DMA Transfers) 

- IOR, - IOW Float to Inactive Delay from SYSCLK f 
(During DMA Transfers) 

- IOR, - IOW Inactive to Float Delay from SYSCLK t 
(During DMA Transfers) 




125 
115 
120 
170 




100 
100 
100 
156 


ns 
ns 
ns 
ns 


4 


152-37 


- IOW Active Pulse Width 
(During CPU Transfers) 


90 




75 




ns 




137-34 


IRQ0 Delay from X1 




100 




100 


ns 




135-33 


NMI Delay from -XMEMR f 
NMI Delay from -IOCHCKJ, 




100 
100 




83 
83 


ns 
ns 




143-35 
144-35 
145-35 
146-35 


OSC Low Time 
OSC High Time 
OSC Rise/Fall Times 
OSC Delay from X1 


20 
20 


15 
30 


20 
20 


15 
24 


ns 
ns 
ns 
ns 


12 




P2 Delay from SYSCLK f 




100 




83 


ns 




148-36 
149-36 


- RDXDB Delay from - IOR 
-RDXDB Delay from -INTA 




100 
100 




83 
83 


ns 
ns 






REFRDY Delay from IOCHRDY 


10 


35 


10 


35 


ns 




157-39 
158-39 


- REFRESH Delay from HLDA 
-REFRESH Delay from SYSCLK t 




28 
100 




24 
83 


ns 
ns 






+ RESET Active Pulse Width 


200 




160 




ns 




138-34 


SPEAKER Delay from X1 




100 




100 


ns 




91-26 
92-26 
93-26 


SYSCLK Period 
SYSCLK Low Time 
SYSCLK High Time 


100 
40 
40 




83 
30 
30 




ns 
ns 
ns 
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82231 AC CHARACTERISTICS (V DD = 5V ±5%,T A « 


= o°ct 


o70°C 


! (Continued) 






Symbol 
-Figure 


Parameter 


10 MHz 


12 MHz 


Units 


Notes 


Mln 


Max 


Mln 


Max 


124-30 


TC Delay from SYSCLK T 




110 




100 


ns 




140-35 
141-35 
142-35 


X1 Low Time 
X1 High Time 
XT Rise/Fall Times 


30 
30 


5 


30 
30 


5 


ns 
ns 
ns 


12 


150-37 
151-37 

111-30 
159-39 
112-30 


XA X Input Setup Time to - IOW J, 
(During CPU Transfers to 82231) 
XA X Input Hold Time from -IOW f 
(During CPU Transfers to 82231 ) 
XAx Input Hold Time from -IOR f 
(During CPU Transfers to 82231) 
XA X Valid Delay from SYSCLK f 
(During DMA Transfers) 
XA X Valid Delay from SYSCLK f 
(During Refresh) 

XA X Disable Delay from SYSCLK f 
(During DMA Transfers) 


100 
45 
100 


160 
90 
150 


83 
40 
67 


150 
75 
130 


ns 
ns 
ns 
ns 
ns 
ns 


4 


153-37 
154-37 
155-38 
156-38 


XD X Input Setup Time to - IOW f 
XD X Input Hold Time from - IOW f 
XD X Output Delay from - IOR I 
XD X Output Hold Time from - IOR f 


100 
17 

17 


125 
70 


83 
15 

15 


100 
60 


ns 
ns 
ns 
ns 




125-31 
126-31 
127-31 


-XMEMR Active Delay from SYSCLK f 
-XMEMR Inactive Delay from SYSCLK f 
-XMEMR Enable/Disable Delay from SYSCLK f 




110 
110 
120 




100 
100 
120 


ns 
ns 
ns 


4,12 


121-30 
122-30 
123-30 


-XMEMW Active Delay from SYSCLK f 
--XMEMW Inactive Delay from SYSCLK f 
-XMEMW Enable/Disable Delay from SYSCLK f 




110 
110 
120 




100 
100 
120 


ns 
ns 
ns 


4,12 



NOTES: 

1. To provide clearly understood information, the complex timing diagrams depict operation in a standard IBM PC AT system 
design. Combinational logic data paths are shown with less complex timing diagrams. The signal source (82230, 82231, 
PROCESSOR, LOGIC, etc.) follows the signal name. 

2. The direction control signals are delayed to PROCCLK X on an -IOW cycle. This is done to avoid changing the direction 
of the byte-swapping bus transceivers while data is still on the bus. 

3. This signal is an asynchronous input. The timing specification is provided for testing purposes only to assure recognition 
at a specific clock edge. 

4. The output float or high impedance condition occurs when output current is less than loz in magnitude. 

5. The frequency of CCROSC sets the count rate for the real time clock. CCROSC frequency, accuracy and stability, should 
be maintained as close as possible to 32.768 KHz to insure the validity of time and data information. 

6. Input rise and fall times are assumed to be less than 20 ns unless otherwise specified. 

7. DRQx must be held active with DACKx is returned. 

8. The interrupt request inputs include IRQ0, IRQ3-7, IRQ9-12, IRQ14-15 and +OPT. 

9. Address XAo_is are output for byte DMA operations. X Ap„i6 are outpu t for word DMA operations, with XA0 low. 

10. A minimum of 16 PROCCLK cycles must occur before POWERGOOD becomes valid. 

11. At the end of TC phase 1 after TCW2 or TCW3 for 16-bit transfer to 8-bit source/destination, for the first 8 bits of 
transfer, 

12. These are not tested. They are guaranteed by design characterization. 

13. At the end of TC phase 1 for 16 bit back plane memory transfers and 8-bit transfers after TCW2 or TCW3, 
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Figure 1 A. Delay Time and Pulse Width Measurements 
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Figure 1B. Setup/Hold Time Measurements 
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Figure 1C. Output Enable/Disable Time Measurement 
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Figure 2. 82230 Clock Timing 
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Figure 3. 82230 Status and ALE Timing 
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Figure 4. 82230 Power on Initiated Reset 
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Figure 5. 82230 Keyboard Initiated Reset 
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Figure 6. 82230 Processor Shutdown Initiated Reset 
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Figure 7. 82230 8254 Bus Write Timing 
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Figure 8. 82230 8254 Bus Read Timing 
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Figure 9. Interrupt Request timing 
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Figure 10. 82230 6818 Write Cycle 
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Figure 11. 82230 6818 Read Cycle 
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Figure 12. 82230 SAO Timing 
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Figure 13. 82230 A20 Timing 
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Figure 14. 82230 DIR245, GATE245 Timing 
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Figure 15. 82230 Zero Wait State Timing 

4-694 



inteT 



82230/82231 



imuQaoMAifflr 



PROCCLK f~^ 

(82230) / 




T S 


\ 




READ 


55 




* 1 


WRITE 


— s* 

1 T( 






A x (80286) 


X 








X 








X 






/ 




\ 
















ALE (82230) 




r 




V 




















XBHE (80286) 


X 




X 










V 




— 


— ® 






-MEMR (82230) 






/ 


— 






— 












K® 


-MEMW (82230) 




— 


V 




- 


i~@ 


\ 














OT/R (82230) 








— 






~ 








\ 


55 


^ 




-@ 


— ® 


LSDEN, 
MSDEN (82230) 




I @> 


©1 


r 


N 


T 


















L " 


J 






F16 (LOGIC) 


/ 


\ 


5$ 




_/ v_ 


—55 






<§) 




<§> 




M/IO (80286) 




1 


r- 




" ^ 


\ 


*$ 




/ 






\ 


—55 







Figure 16. Memory Read/ Write Cycles 
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Figure 17. 82230 XHBE Timing 
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Figure 18. 82230 NPCS Timing 
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Figure 19. 82230 MSDEN, LSDEN Timing 
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Figure 20. CNTLOFF Timing 
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Figure 21. - BUSY286 Timing 
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Figure 22. 82230 AO Timing 



4-696 



intel* 



82230/82231 



PRIfflJHlOMAOtif 



PROCCLK (82230) 



CPU HLDA (82230) 




X 



240017-37 



Figure 23. 82230 CPU HLDA Timing 
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Figure 24. Bus Control Signal Timing 
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Figure 25. RES 287 Timing 
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Figure 26. 82231 SYSCLK Timing 
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Figure 27. 82231 CCRR/W and CS287 Timing 
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Figure 28. 82231 A17 to A23 Timing 
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Figure 29. 82231 HLDA & - MASTER Timing 
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Figure 30. 82231 DMA I/O Read Timing (Single Transfer Shown) 
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Figure 31. 82231 DMA I/O Write Timing (Block Transfer Shown) 
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Figure 32. 82231 DPCK Timing 
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Figure 33. 82231 IOCHCK and NMI Timing 
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Figure 34. 82231 IRQO and SPEAKER Timing 
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Figure 35. X1 and OSC Timing 
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Figure 36. 82231 RDXDB Timing 
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Figure 37. 82231 CPU Write Timing 
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Figure 38. 82231 CPU Read Timing 
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Figure 39. 82231 REFRESH Timing 
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The following list represents the differences be- 
tween this and the -001 version of the data sheet. 

1. Several timing diagrams were added to further de- 
tail operating characteristics. 

2. The "D.C. CHARACTERISTICS" table was reor- 
ganized to clarify the different testing conditions. 

3. Extensive changes were made to the "A.C. 
CHARACTERISTICS" table. These changes in- 
clude the following: 

— Timing characteristics were changed to reflect 
current max and min operating values. 



— In cases where different specs for the same 
signal were identical, they were combined into 
one spec. 

— In cases where combined specs for signals 
were found to differ, they were split. 

-—'Specs necessary for system design were add- 
ed. 

— Unnecessary or irrelevant specs were deleted. 

•— Notes were added, deleted or changed as nec- 
essary to correspond to the updated table. 

4. The test load diagram was changed. 
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376™ HIGH PERFORMANCE 
32-BIT EMBEDDED PROCESSOR 



■ Full 32-Bit Internal Architecture 

— 8-, 16-, 32-Blt Data Types 

— 8 General Purpose 32-Blt Registers 

— Extensive 32-Bit Instruction Set 

■ High Performance 16-Bit Data Bus 
— 16 MHz CPU Clock 

— Two-Clock Bus Cycles 
— 16 Mbytes/Sec Bus Bandwidth 

■ 16 Mbyte Physical Memory Size 

■ High Speed Numerics Support with the 
80387SX 

■ Low System Cost with the 82370 
Integrated System Peripheral 

■ On-Chip Debugging Support Including 
Break Point Registers 

INTRODUCTION 

The 376 32-bit embedded processor is designed for high performance embedded systems. It provides the 
performance benefits of a highly pipelined 32-bit internal architecture with the low system cost associated with 
16-bit hardware systems. The 80376 is based on the 80386 and offers a high degree of compatibility with the 
80386. All 80386 32-bit programs not dependent on paging can be executed on the 80376 and all 80376 
programs can be executed on the 80386. All 32-bit 80386 language translators can be used for software 
development. With proper support software, any 80386-based computer can be used to develop and test 
80376 programs. In addition, any 80386-based PC-AT* compatible computer can be used for hardware proto- 
typing for designs based on the 80376 and its companion product the 82370. 



Complete Intel Development Support 

— C, PL/M, Assembler Translators 

— ICEtm-376, In-Circult Emulator 

— IRMK Real Time Kernel 

Extensive Third-Party Support: 

— Software: C, Pascal, FORTRAN, 
BASIC and ADA* 

— Hosts: VMS*, UNIX*, MS-DOS*, and 
Others 

— Real-Time Kernels 

High Speed CHMOS Technology 

Available in 100 Pin Plastic Quad Flat- 
Pack Package and 88-Pin Pin Grid Array 

(See Packaging Outlines and Dimensions #231369) 
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"UNIX is a registered trademark of AT&T. 

ADA is a registered trademark of the U.S. Government, Ada Joint Program Office. 

PC-AT is a registered trademark of IBM Corporation. 

VMS is a trademark of Digital Equipment Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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1.0 PIN DESCRIPTION 
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Figure 1.1. 80376 100-Pin Quad Fiat-Pack Pin Out (Top View) 





Table 1.1. 100-Pin Plastic Quad Flat-Pack Pin Assignments 




A Row 
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C Row 


D Row 


Pin 


Label 


Pin 


Label 


Pin 


Label 


Pin 


Label 


1 


Do 


26 


LOCK# 


51 


A 2 


76 


A 2 i 


2 


Vss 


27 


N/C 


52 


A 3 


77 


v ss 


3 


HLDA 


28 


N/C 


53 


A 4 


78 


Vss 


4 


HOLD 


29 


N/C 


54 


A 5 


79 


A22 
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Vss 


30 


N/C 


55 
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80 


A 23 
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NA# 


31 


N/C 
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81 


D15 
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READY # 


32 


Vcc 


57 


Vcc 


82 


D14 
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RESET 
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Top View 
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Figure 1.2. 80376 88-Pin Grid Array Pin Out 







Table 1.2. 88-Pin Grid Array Pin Assignments 






Pin 


Label 


Pin 


Label 


Pin 


Label 


Pin 


Label 
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CLK2 


12D 


A18 
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M/IO# 


11A 
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LOCK# 
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The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 

# The named signal is active LOW. 

I Input signal. 

O Output signal. 

I/O Input and Output signal. 

— No electrical connection. 



Symbol 


Type 


Name and Function 


CLK2 


I 


CLK2 provides the fundamental timing for the 80376. For additional 
information see Clock (page 33). 


RESET 


I 


RESET suspends any operation in progress and places the 80376 in a 
known reset state. See Interrupt Signals (page 38) for additional 
information. 


Dl5-D 


I/O 


DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and I/O write cycles. See 
Data Bus (page 34) for additional information. 


Aas-Ai 





ADDRESS BUS outputs physical memory or port I/O addresses. See 
Address Bus (page 34) for additional information. 


W/R# 





WRITE/READ is a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition Signals (page 35) 
for additional information. 


D/C# 





DATA/CONTROL is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. See Bus Cycle Definition 
Signals (page 35) for additional information. 


M/IO# 





MEMORY I/O is a bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. See Bus Cycle Definition Signals 
(page 35) for additional information. 


LOCK# 





BUS LOCK is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while it is 
active. See Bus Cycle Definition Signals (page 35) for additional 
information. 


ADS# 





ADDRESS STATUS indicates that a valid bus cycle definition and 
address (W/R#, D/C#, M/IO#, BHE#, BLE# and A23-A!) are being 
driven at the 80376 pins. See Bus Control Signals (page 35) for 
additional information. 


NA# 


I 


NEXT ADDRESS is used to request address pipelining. See Bus 
Control Signals (page 35) for additional information. 


READY # 


I 


BUS READY terminates the bus cycle. See Bus Control Signals 

(page 35) for additional information. 


BHE#,BLE# 





BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. See Address Bus (page 34) for additional information. 


HOLD 


I 


BUS HOLD REQUEST input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals (page 36) for 
additional information. 
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Symbol 


Type 


Name and Function 


HLDA 





BUS HOLD ACKNOWLEDGE output indicates that the 80376 has 
surrendered control of its local bus to another bus master. See Bus 
Arbitration Signals (page 36) for additional information. 


INTR 


1 


INTERRUPT REQUEST is a maskable input that signals the 80376 to 
suspend execution of the current program and execute an interrupt 
acknowledge function. See Interrupt Signals (page 38) for additional 
information. 


NMI 


1 


NON-MASKABLE INTERRUPT REQUEST is a non-maskable input 
that signals the 80376 to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt Signals 
(page 38) for additional information. 


BUSY# 


1 


BUSY signals a busy condition from a processor extension. See 
Coprocessor Interface Signals (page 37) for additional information. 


ERROR # 


1 


ERROR signals an error condition from a processor extension. See 
Coprocessor Interface Signals (page 37) for additional information. 


PEREQ 


1 


PROCESSOR EXTENSION REQUEST indicates that the processor 
extension has data to be transferred by the 80376. See Coprocessor 
Interface Signals (page 37) for additional information. 


N/C 


"-" " 


NO CONNECT should always remain unconnected. Connection of a 
N/C pin may cause the processor to malfunction or be incompatible 
with future steppings of the 80376. 


v cc 


1 


SYSTEM POWER provides the + 5V nominal Q.C. supply input. 


Vss 


1 


SYSTEM GROUND provides 0V connection from which all inputs and 
outputs are measured. 



2.0 ARCHITECTURE OVERVIEW 

The 80376 supports the protection mechanisms 
needed by sophisticated multitasking embedded 
systems and real-time operating systems. The use 
of these protection mechanisms is completely op- 
tional. For embedded applications not needing pro- 
tection, the 80376 can easily be configured to pro- 
vide a 1 6 Mbyte physical address space. 

Instruction pipelining, high bus bandwidth, and a 
very high performance ALU ensure short average 
instruction execution times and high system 
throughput. The 80376 is capable of execution at 
sustained rates of 2.5-3.0 million instructions per 
second. 

The 80376 offers on-chip testability and debugging 
features. Four break point registers allow conditional 
or unconditional break point traps on code execution 
or data accesses for powerful debugging of even 
ROM based systems. Other testability features in- 
clude self-test and tri-stating of output buffers during 
RESET. 

The Intel 80376 embedded processor consists of a 
central processing unit, a memory management unit 
and a bus interface. The central processing unit con- 



sists of the execution unit and instruction unit. The 
execution unit contains the eight 32-bit general reg- 
isters which are used for both address calculation 
and data operations and a 64-bit barrel shifter used 
to speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the decoded instruction queue 
for immediate use by the execution unit 

The Memory Management Unit (MMU) consists of a 
segmentation and protection unit. Segmentation al- 
lows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data repeatability, and effi- 
cient sharing. 

The protection unit provides four levels of protection 
for isolating and protecting applications and the op- 
erating system from each other. The hardware en- 
forced protection allows the design of systems with 
a high degree of integrity and simplifies debugging. 

Finally, to facilitate high performance system hard- 
ware designs, the 80376 bus interface offers ad- 
dress pipelining and direct Byte Enable signals for 
each byte of the data bus. 
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2.1 Register Set 

The 80376 has twenty-nine registers as shown in Figure 2.1 . These registers are grouped into the following six 
categories: 
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Figure 2.1. 80376 Base Architecture Registers 
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General Registers: The eight 32-bit general pur- 
pose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX and 
EDX) can be used either in their entirety as 32-bit 
registers, as 16-bit registers, or split into pairs of 
separate 8-bit registers. 

Segment Registers: Six 16-bit special purpose reg- 
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 

Flags and Instruction Pointer Registers: These 
two 32-bit special purpose registers in Figure 2.1 
record or control certain aspects of the 80376 proc- 
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching, and the processor automatically 
increments it after executing an instruction. 

Control Register: The 32-bit control register, CRO, 
is used to control Coprocessor Emulation. 



System Address Registers: These four special 
registers reference the tables or segments support- 
ed by the 80376/80386 protection model. These ta- 
bles or segments are: 

GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. The use of the debug registers is described in 
Section 2.11 Debugging Support. 

EFLAGS REGISTER 

The flag Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2.2, control certain opera- 
tions and indicate the status of the 80376 processor. 
The function of the flag bits is given in Table 2.1. 



STATUS FLAGS: 



SPECIAL FIELDS: 

I/O PRIVILEGE LEVEL - 
NESTED TASK « 



Il4 13 12 1 



11 10 9 8 



E 



OVERFLOW 

SIGN 

ZERO 

AUX CARRY 

PARITY 

CARRY 



EFLAGS 



CONTROL FLAGS 



-TRAP 

- INTERRUPT 

- DIRECTION 

- RESUME 



MONITOR COPROCESSOR . 
EMULATE COPROCESSOR _ 
TASK SWITCHED . 




CRO 



4 3 2 10 



(£2 - INTEL RESERVED DO NOT USE 
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Figure 2.2. Status and Control Register Bit Functions 
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Table 2.1. Flag Definitions 



Bit Position 


Name 


Function 





CF 


Carry Flag— Set on high-order bit carry or borrow; cleared otherwise. 


2 


PF 


Parity Flag— Set if low-order 8 bits of result contain an even number 
of 1 -bits; cleared otherwise. 


4 


AF 


Auxiliary Carry Flag — Set on carry from or borrow to the low order 
four bits of AL; cleared otherwise. 


6 


ZF 


Zero Flag— Set if result is zero; cleared otherwise. 


7 


SF 


Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if 
negative). 


8 


TF 


Single Step Flag— Once set, a single step interrupt occurs after the 
next instruction executes. TF is cleared by the single step interrupt. 


9 


IF 


Interrupt-Enable Flag— When set, external interrupts signaled on the 
INTR pin will cause the CPU to transfer control to an interrupt vector 
specified location. 


10 


DF 


Direction Flag — Causes string instructions to auto-increment (default) 
the appropriate index registers when cleared. Setting DF causes auto- 
decrement. 


11 


OF 


Overflow Flag — Set if the operation resulted in a carry/borrow into 
the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 


12,13 


IOPL 


I/O Privilege Level— Indicates the maximum CPL permitted to 
execute I/O instructions without generating a,n exception 13 fault or 
consulting the I/O permission bit map. It also indicates the maximum 
CPL value allowing alteration of the IF bit. 


14 


NT 


Nested Task— Indicates that the execution of the current task is 
nested within another task (see Task Switching). 


16 


RF 


Resume Flag— Used in conjunction with debug register breakpoints. It 
is checked at instruction boundaries before breakpoint processing. If 
set, any debug fault is ignored on the next instruction. It is reset at the 
successful completion of any instruction except IRET, POPF, and 
those instructions causing task switches. 



CONTROL REGISTER 

The 80376 has a 32-bit control register called CRO that is used to control coprocessor emulation. This register 
is shown in Figures 2.1 and 2.2. The defined CRO bits are described in Table 2.2. 

Table 2.2. CRO Definitions 



Bit Position 


Name 


Function 


1 


MP 


Monitor Coprocessor Extension— Allows WAIT instructions to cause 
a processor extension not present exception (number 7). 


2 


EM 


Emulate Processor Extension— When set, this bit causes a 
processor extension not present exception (number 7) on ESC 
instructions to allow processor extension emulation. 


3 


TS 


Task Switched— When set, this bit indicates the next instruction using 
a processor extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task (see Task Switching). 
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2.2 Instruction Set 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Support 

Operating System Support 

Processor Control 

These 80376 processor instructions are listed in Ta- 
ble 8.1 80376 Instruction Set and Clock Count 
Summary. 

All 80376 processor instructions operate on either 0, 
1 , 2 or 3 operands; an operand resides in a register, 
in the instruction itself, or in memory. Most zero op- 
erand instructions (e.g. CLI, STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80376 has a 16-byte prefetch instruction 
queue an average of 5 instructions can be pre- 
fetched. The use of two operands permits the follow- 
ing types of common instructions: 

Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory 

The operands are either 8-, 16- or 32-bit long. 



2.3 Memory Organization 

Memory on the 80376 is divided into 8-bit quantities 
(bytes), 16-bit quantities (words), and 32-bit quanti- 
ties (dwords). Words are stored in two consecutive 
bytes in memory with the low-order byte at the low- 
est address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low- 
est address. The address of a word or Dword is the 
byte address of the low-order byte. 

In addition to these basic data types the 80376 proc- 
essor supports segments. Memory can be divided 
up into one or more variable length segments, which 
can be shared between programs. 



ADDRESS SPACES 

The 80376 has three types of address spaces: 
logical, linear, and physical. A logical address 
(also known as a virtual address) consists of a se- 
lector and an offset. A selector is the contents of a 
segment register. An offset is formed by summing all 
of the addressing components (BASE, INDEX, and 
DISPLACEMENT), discussed in Section 2.4 
Addressing Modes, into an effective address. 

Every selector has a logical base address associat- 
ed with it that can be up to 32 bits in length. This 32- 
bit logical base address is added to either a 32-bit 
offset address or a 16-bit offset address (by using 
the address length preflx)\o form a final 32-bit 
linear address. This final linear address is then trun- 
cated so that only the lower 24 bits of this address 
are used to address the 16 Mbytes physical memory 
address space. The logical base address is stored 
in one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). 

Figure 2.3 shows the relationship between the vari- 
ous address spaces. 
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EFFECTIVE ADDRESS CALCULATION 



Index 



-©- 



Scale 
1.2,4,8 



►<♦> 



%M- 



Selector 



RPL 



V+ 



Descriptor 



& 



24, 



Table 
(GDT or LDT) 




Limit/Access 
Base 


32 / 


Limit/Access 
Base 


Limit/Access 
Base 









BHE#, 

BLE#, 

JA23-A1 



16 Mbyte 
Physical 
Memory 



OFFFFFFH 



MEMORY MANAGEMENT UNIT 



Figure 2.3. Address Translation 



SEGMENT REGISTER USAGE 



The main data structure used to organize memory is 
the segment. On the 80376, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments, code and data. The simplest use 
of segments is to have one code and data segment. 
Each segment is 16 Mbytes in size overlapping each 
other. This allows code and data to be directly ad- 
dressed by the same offset. 

In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg- 



ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer- 
ences use the selector contained in the DS register, 
stack references use the SS register and instruction 
fetches use the CS register. The contents of the In- 
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list- 
ed in Table 2.3. The override prefixes also allow the 
use of the ES. FS and QS segment registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero. 
Further details of segmentation are discussed in 
Section 3.0 Architecture. 
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Table 2.3. Segment Register Selection Rules 



Type of 
Memory Reference 


Implied (Default) 
Segment Use 


Segment Override 
Prefixes Possible 


Code Fetch 


CS 


None 


Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 


SS 


None 


Source of POP, POPA, POPF, IRET, 
RET Instructions 


SS 


None 


Destination of STOS, 
MOVS, REP STOS, 
REP MOVS Instructions 
(Dl is Base Register) 


ES 


None 


Other Data References, 
with Effective Address 
Using Base Register of: 

[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 


DS 
DS 
DS 
DS 
DS 
DS 
SS 
SS 


CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
GS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 



2.4 Addressing Modes 

The 80376 provides a total of 8 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 

Two of the addressing modes provide for instruc- 
tions that operate on register or immediate oper- 
ands: 

Register Operand Mode: The operand is located in 
one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is includ- 
ed in the instruction as part of the opcode. 

The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg- 



ment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see Figure 2.3): 

DISPLACEMENT: an 8-, 16- or 32-bit immediate val- 
ue following the instruction. 

BASE: The contents of any general purpose regis- 
ter. The base registers are generally used by compil- 
ers to point to the start of the local variable area. 
Note that if the Address Length Prefix is used, only 
BX and BP can be used as a BASE register. 

INDEX: The contents of any general purpose regis- 
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char- 
acters. The index register's value can be multiplied 
by a scale factor, either 1 , 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc- 
tures. Note that if the Address Length Prefix is 
used, no Scaling is available and only the registers 
SI and Dl can be used to INDEX. 
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Combinations of these 3 components make MP the 6 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
The one exception is the simultaneous use of BASE 
and INDEX components which requires one addi- 
tional clock. 

As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 

EA = BASE R egister + (INDEX Re gj S terX scaling) + 
DISPLACEMENT 

1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8-, 16- or 32-bit 
DISPLACEMENT. 



2. Register Indirect Mode: A BASE register con- 
tains the address of the operand. 

3. Based Mode: A BASE register's contents is add- 
ed to a DISPLACEMENT to form the operand's 
offset. 

4. Scaled Index Mode: An INDEX register's con- 
tents is multiplied by a SCALING factor which is 
added to a DISPLACEMENT to form the oper- 
and's offset. 

5. Based Scaled Index Mode: The contents of an 
INDEX register is multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand's offset. 

6. Based Scaled Index Mode with Displacement: 

The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE- 
MENT to form the operand's offset. 



SEGMENT REGISTER 

Fl FPTOP I , 
,SFl FPTOP I ■ 
,SFI FPTni? I ■ 
,SFI FHOft I . 
,SFI FPTHB I ■ 
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i 
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U® 
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TH 
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,Mnr<W BlfiHTS PS| 
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f BASE ADDRESS 
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► 



-- ► 
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SEGMENT 
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SELECTED 
SEGMENT 
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Figure 2.4. Addressing Mode Calculations 
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GENERATING 16-BIT ADDRESSES 

The 80376 executes code with a default length for 
operands and addresses of 32 bits. The 80376 is 
also able to execute operands and addresses of 16 
bits. This is specified through the use of override 
prefixes. Two prefixes, the Operand Length Prefix 
and the Address Length Prefix, override the de- 
fault 32-bit length on an individual instruction basis. 
These prefixes are automatically added by assem- 



blers. The Operand Length and Address Length Pre- 
fixes can be applied separately or in combination to 
any instruction. 

The 80376 normally executes 32-bit code and uses 
either 8- or 32-bit displacements, and any register 
can be used as based or index registers. When exe- 
cuting 1 6-bit code (by prefix overrides), the displace- 
ments are either 8 or 16 bits, and the base and index 
register conform to the 16-bit model. Table 2.4 illus- 
trates the differences. 



Table 2.4. BASE and INDEX Registers for 16- and 32-Bit Addresses 





16-Bit Addressing 


32-Bit Addressing 


BASE REGISTER 


BX.BP 


Any 32-Bit GP Register 


INDEX REGISTER 


SI, Dl 


Any 32-Bit GP Register 
except ESP 


SCALE FACTOR 


None 


1,2,4,8 


DISPLACMENT 


0,8, 16 Bits 


0, 8, 32 Bits 



2.5 Data Types 

The 80376 supports all of the 
Bit: 
Bit Field: 

Bit String: 

Byte: 

Unsigned Byte: 

Integer (Word): 

Long Integer (Double Word) 

Unsigned Integer (Word): 
Unsigned Long Integer 
(Double Word): 
Signed Quad Word: 
Unsigned Quad Word: 
Pointer: 

Long Pointer: 

Char: 
String: 

BCD: 
Packed BCD: 



data types commonly used in high level languages: 
A single bit quantity. 

A group of up to 32 contiguous bits, which spans a maximum of four 
bytes. 

A set of contiguous bits, on the 80376 bit strings can be up to 16 Mbits 
long. 

A signed 8-bit quantity. 
An unsigned 8-bit quantity. 
A signed 16-bit quantity. 

A signed 32-bit quantity. All operations assume a 2's complement 
representation. 
An unsigned 16-bit quantity. 

An unsigned 32-bit quantity. 

A signed 64-bit quantity. 

An unsigned 64-bit quantity. 

A 1 6- or 32-bit offset only quantity which indirectly references another 

memory location. 

A full pointer which consists of a 16-bit segment selector and either a 

16- or 32-bit offset. 

A byte representation of an ASCII Alphanumeric or control character. 

A contiguous sequence of bytes, words or dwords. A string may 

contain between 1 byte and 16 Mbytes. 

A byte (unpacked) representation of decimal digits 0-9. 

A byte (packed) representation of two decimal digits 0-9 storing one 

digit in each nibble. 
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When the 80376 is coupled with a numerics Coprocessor such as the 80387SX then the following 
common Floating Point types are supported. 

Floating Point: A signed 32-, 64- or 80-bit real number representation. Floating point 

numbers are supported by the 80387SX numerics coprocessor. 



Figure 2.5 illustrates the data types supported by the 80376 processor and the 80387SX coprocessor. 
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2.6 I/O Space 

The 80376 has two distinct physical address 
spaces: physical memory and I/O. Generally, pe- 
ripherals are placed in I/O space although the 
80376 also supports memory-mapped peripherals. 
The I/O space consists of 64 Kbytes which can be 
divided into 64K 8-bit ports, 32K 16-bit ports, or any 
combination of ports which add to no more than 64 
Kbytes. The M/IO# pin acts as an additional ad- 
dress line, thus allowing the system designer to easi- 
ly determine which address space the processor is 
accessing. Note that the I/O address refers to a 
physical address. 

The I/O ports are accessed by the IN and OUT in- 
structions, with the port address supplied as an im- 
mediate 8-bit constant in the instruction or in the DX 
register. All 8-bit and 1 6-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the M/IO# pin to be driven LOW. 
I/O port addresses 00F8H through 00FFH are re- 
served for use by Intel. 



2.7 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditons. The difference between in- 
terrupts and exceptions is that interrupts are used to 
handle asynchronous external events while excep- 
tions handle instruction faults. Although a program 
can generate a software interrupt via an INT N in- 
struction, the processor treats software interrupts as 
exceptions. 

Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately 
after the interrupted instruction. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth- 
er or not restart of the instruction causing the excep- 
tion is suported. Faults are exceptions that are de- 
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in- 
struction which caused the problem. Aborts are ex- 
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter- 
mined. Thus, when an interrupt service routine has 
been completed, execution proceeds from the in- 



struction immediately following the interrupted in- 
struction. On the other hand the return address from 
an exception/fault routine will always point at the 
instruction causing the exception and include any 
leading instruction prefixes. Table 2.5 summarizes 
the possible interrupts for the 80376 and shows 
where the return address points to. 

The 80376 has the ability to handle up to 256 differ- 
ent interrupts/exceptions. In order to service the in- 
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
The interrupt vectors are 8-byte quantities, which are 
put in an Interrupt Descriptor Table. Of the 256 pos- 
sible interrupts, 32 are reserved for use by Intel and 
the remaining 224 are free to be used by the system 
designer. 

INTERRUPT PROCESSING 

When an interrupt occurs the following actions hap- 
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup- 
plied to the 80376 which identifies the appropriate 
entry in the interrupt table. The table contains either 
an Interrupt Gate, a Trap Gate or a Task Gate that 
will point to an interrupt procedure or task. The user 
supplied interrupt service routine is executed. Final- 
ly, when an IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 

The 8-bit interrupt vector is supplied to the 80376 in 
several different ways: exceptions supply the inter- 
rupt vector internally; software INT instructions con- 
tain or imply the vector; maskable hardware inter- 
rupts supply the 8-bit vector via the interrupt ac- 
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 

Maskable Interrupt 

Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in- 
structions (string instructions have an "interrupt win- 
dow" between memory moves which allows inter- 
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 



4-719 



WeT 



80376 



AIBVANQS. 0MF®I^IM1AT0®K1 



Table 2.5. Interrupt Vector Assignments 



Function 


Interrupt 
Number 


Instruction Which 
Can Cause 
Exception 


Return Address 

Points to 

Faulting 

Instruction 


Type 


Divide Error 





DIVJDIV 


Yes 


FAULT 


Debug Exception 


1 


Any Instruction 


Yes 


TRAP* 


NMI Interrupt 


2 


INT2orNMI 


No 


NMI 


One-Byte Interrupt 


3 


INT 


No 


TRAP 


Interrupt on Overflow 


4 


INTO 


No 


TRAP 


Array Bounds Check 


5 


BOUND 


Yes 


FAULT 


Invalid OP-Code 


6 


Any Illegal Instruction 


Yes 


FAULT 


Device Not Available 


7 


ESC, WAIT 


Yes 


FAULT 


Double Fault 


8 


Any Instruction That Can 
Generate an Exception 




ABORT 


Coprocessor Segment Overrun 


9 


ESC 


No 


ABORT 


Invalid TSS 


10 


JMP, CALL, IRET, INT 


Yes 


FAULT 


Segment Not Present 


11 


Segment Register Instructions 


Yes 


FAULT 


Stack Fault 


12 


Stack References 


Yes 


FAULT 


General Protection Fault 


13 


Any Memory Reference 


Yes 


FAULT 


Intel Reserved 


14-15 


— 


— 


— 


Coprocessor Error 


16 


ESC, WAIT 


Yes 


FAULT 


Intel Reserved 


17-32 








Two-Byte Interrupt 


0-255 


INT n 


No 


TRAP 



*Some debug exceptions may report both traps on the previous instruction, and faults on the next instruction. 



Interrupts through Interrupt Gates automatically re- 
set IF, disabling INTR requests. Interrupts through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts through a Task Gate change the IF bit ac- 
cording to the image of the EFLAGs register in the 
task's Task State Segment (TSS). When an IRET 
instruction is executed, the original state of the IF bit 
is restored. 



Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic- 
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal- 
ly supplied vector value of 2. Unlike a normal hard- 
ware interrupt no interrupt acknowledgement se^ 
quence js performed for an NMI. 

While executing the NMI servicing procedure, the 
80376 will not service any further NMI request, or 
INT requests, until an interrupt return (IRET) instruc- 



tion is executed or the processor is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. The disabling of INTR requests de- 
pends on the gate in IDT location 2. 

Software Interrupts 

A third type of interrupt/exception for the 80376 is 
the software interrupt. An INT n instruction causes 
the processor to execute the interrupt service rou- 
tine pointed to by the nth vector inlhe interrupt table. 

A special case of the two byte software interrupt 
INT n is the one byte INT 3, or breakpoint interrupt. 
By inserting this one byte instruction in a program, 
the user can set breakpoints in his program as a 
debugging tool. 
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A final type of software interrupt, is the single step 
interrupt. It is discussed in Single-Step Trap (page 
22). 

INTERRUPT AND EXCEPTION PRIORITIES 

Interrupts are externally-generated events. Maska- 
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in- 
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 80376 invokes the NMI service rou- 
tine first. If, after the NMI service routine has been 
invoked, maskable interrupts are still enabled, then 
the 80376 will invoke^ the appropriate interrupt serv- 
ice routine. 

As the 80376 executes instructions, it follows a con- 
sistent cycle in checking for exceptions, as shown in 
Table 2.6. This cycle is repeated as each instruction 
is executed, and occurs in parallel with instruction 
decoding and execution. 

INSTRUCTION RESTART 

The 80376 fully supports restarting all instructions 
after faults. If an exception is detected in the instruc- 
tion to be executed (exception categories 4 through 
9 in Table 2.6), the 80376 device invokes the appro- 
priate exception service routine. The 80376 is in a 
state that permits restart of the instruction. 



DOUBLE FAULT 

A Double fault (exception 8) results when the proc- 
essor attempts to invoke an exception service rou- 
tine for the segment exceptions (1 0, 1 1 , 1 2 or 1 3), 
but in the process of doing so, detects an exception. 



2.8 Reset and Initialization 

When the processor is Reset the registers have the 
values shown in Table 2.7. The 80376 will then start 
executing instructions near the top of physical mem- 
ory, at location 0FFFFF0H. A short JMP should be 
executed within the segment defined for power-up 
(see Table 2.7). The GDT should then be initialized 
for a start-up data and code segment followed by a 
far JMP that will load the segment descriptor cache 
with the new descriptor values. The IDT table, after 
reset, is located at physical address OH, with a limit 
of 266 entries. 

RESET forces the 80376 to terminate all execution 
and local bus activity. No instruction execution or 
bus activity will occur as long as Reset is active. 
Between 350 and 450 CLK2 periods after Reset be- 
comes inactive, the 80376 will start executing in- 
structions at the top of physical memory. 



Table 2.6. Sequence of Exception Checking 



Consider the case of the 80376 having just completed an instruction. It then performs the following checks 
before reaching the point where the next instruction is completed: 

1 . Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 
Breakpoints set in the Debug Registers). 

2. Check for external NMI and INTR. 

3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the 
Debug Registers for the next instruction). 

4. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 
13). 

5. Check for Faults decoding the next instruction (exception 6 if illegal opcode; or exception 13 if 
instruction is longer than 1 5 bytes, or privilege violation (i.e. not at IOPL or at CPL = 0). 

6. If WAIT opcode, check if TS = 1 and MP '= 1 (exception 7 if both are 1). 

7. If ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

8. If WAIT opcode or ESCape opcode for numeric coprocessor, check ERROR # input signal (excep- 
tion 16 if ERROR # input is asserted)., 

9. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 1 1 , 
12, 13). 
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Table 2.7. Register Values after Reset 



Flag Word (EFLAGS) 


uuuu0002H 


(Notel) 


Machine Status Word (CRO) 


uuuuuuulH 


(Note 2) 


Instruction Pointer (EIP) 


0000FFF0H 


Code Segment (CS) 


F000H 


(Note 3) 


Data Segment (OS) 


OOOOH 


(Note 4) 


Stack Segment (SS) 


OOOOH 


Extra Segment (ES) 


OOOOH 


(Note 4) 


Extra Segment (FS) 


OOOOH 


Extra Segment (GS) 


OOOOH 


EAX Register 


OOOOH 


(Note 5) 


EDX Register 


Component and Stepping ID 


(Note 6) 


All Other Registers 


Undefined 


(Note 7) 



NOTES: 

1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined 
flag bits are zero. 

2. CRO: The defined 4 bits in the CRO is equal to 1H. 

3. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH and 
Limit set to OFFFFH. 

4. The Data and Extra Segment Registers (DS and ES) will have their Base Address set 
to OOOOOOOOOH and Limit set to OFFFFH. 

5. If self-test is selected, the EAX should contain a value. If a value of is not found 
the self-test has detected a flaw in the part. 

6. EDX register always holds component and stepping identifier. 

7. All unidentified bits are Intel Reserved and should not be used. 



2.9 Initialization 

Because the 80376 processor starts executing in protected mode, certain precautions need be taken during 
initialization. Before any far jumps can take place the GDT and/or LDT tables need to be setup and their 
respective registers loaded. Before interrupts can be initialized the IDT table must be setup and the IDTR must 
be loaded. The example code is shown below: 



This is an example of startup code to put either an 80376, 
80386SX or 80386 into flat mode. All of memory is treated as 
simple linear RAM, There are no interrupt routines. The 
Builder creates the GDT-alias and IDT-alias and places them, 
by default, in GDT[1J and GDT [2]. Other entries in the GDT 
are specified in the Build file. After initialization it jumps 
to a C startup routine. To use this template, change this jmp 
address to that of your code, or make the label of your code 
w c_startup w . 

This code was assembled and built using version 1.2 of the 
Intel RLL utilities and Intel 386ASM assembler. 

*** This code was tested *** 
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NAME FLAT ; name of the object module 

EXTRN c_startup:near ; this is the label jmped to after init 

pe-flag equ 1 

data.selc equ 20h ; assume code is GDT[3], data GDT[4] 

INIT.CODE SEGMENT ER PUBLIC USE32 ; Segment base at 0ffffff80h 

PUBLIC GDT.DESC 

gdt_desc dq ? 

PUBLIC START 



start : 

eld 

smsw bx 

test bl,l 

jnz pestart 
realstart 

db 66h 

mov eax, offset gdt.desc 

xor ebx, ebx 

mov bh,ah 

move bl,al 

db 67h 

db 66h 

lgdt cs:[ebx] 

smsw ax 

or al.pe.flag 

lmsw ax 

jmp next 
pestart : 

mov ebx, offset gdt_desc 

xor eax, eax 

mov ax,bx 

lgdt cs:[eax] 

xor ebx, ebx 

mov bl,data_selc 

mov ds.bx 

mov ss,bx 

mov es,bx 

mov fs,bx 

mov gs,bx 

jmp pejump 
next : 

xor ebx, ebx 

mov bl,data_selc 

mov ds.bx 

mov ss,bx 

mov es,bx 

mov fs,bx 

mov gs,bx 

db 66h 
pejump: 

jmp far ptr c-Startup 

org 70h 

jmp short start 
INIT.CODE ENDS 
END 



clear direction flag 

check for processor (80376) at reset 

use SMSW rather than MOV for speed 

is an 80386 and in real mode 

force the next operand into 32-bit mode. 

move address of the GDT descriptor into eax 

clear ebx 

load 8 bits of address into bh 

load 8 bits of address into bl 

use the 32-bit form of LGDT to load 
the 32-bits of address into the GDTR 
go into protected mode (set PE bit) 



; flush prefetch queue 



; lower portion of address only 

; initialize data selectors 
; GDT [3] 



; initialize data selectors 
; GDT [3] 



; for the 80386, need to make a 32-bit jump 

; but the 80376 is already 32-bit. 

; only if segment base is at 0ffffff80h 
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This code should be linked into your application for boot loadable code. The following build file illustrates how 
this is accomplished. 



FLAT; — build program id 

SEGMENT 

* segments (dpl=0) , 
_phantom_code. (dpl=0) , 
_phantom_dat a. (dpl=0) , 
init-code (base=0ffffff80h) 



— Give all user segments a DPL of 0. 
— ■ These two segments are created by 

—the builder when the FLAT control is used, 

— Put startup code at the reset vector area. 



GATE 



gl3 (entry=13, dpl=0, trap), 

i32 (entry=32, dpl=0, interrupt), 



TABLE 

— create GDT 

GDT (LOCATION = GDT_DESC, 



ENTRY = (3:_phantom_code„, 
4 :_phantom_data_ , 
5;code32, 
6:data, 
7:init_code) 



trap gate disables interrupts 
interrupt gates doesn't 



— In a buffer starting at GDTJDESC, 

— BLD386 places the GDT base and 

— GDT limit values. Buffer must be 

— 6 bytes long. The base and limit 

— values are places in this buffer 

— as two bytes of limit plus 

— four bytes of base in the format 
— required for use by the LGDT 

— instruction. 

— Explicitly place segment 

— entries into the GDT. 



TASK 



MAIN-TASK 

( 



DPL = 0, 
DATA = DATA, 

CODE = main, 



STACKS = (DATA) , 

NO INTENABLED, 
PRESENT 

) ; 



— Task privilege level is 0. 

— Points to a segment that 

— indicates initial DS value. 

— Entry point is main, which 

— must be a public id. 

— Segment id points to stack 

— segment. Sets the initial SS:ESP. 

— Disable interrupts. 

— Present bit in TSS set to 1. 



MEMORY 

(RANGE = (EPROM = R0M(0ffff8000h. .Off ffffffh) , 

DRAM = RAM(0..0ffffh)) , 
ALLOCATE = (EPROM = (MAIN-TASK) ) ) ; 

END 

asm386 flatsim.a38 debug 

asm386 application. a38 debug 

bnd386 application. obj ,flatsim.obj nolo debug oj (application. bnd) 

bld386 application.bnd bf (flatsim.bld) bl flat 

Commands to assemble and build a boot-loadable application named "application.a38". The initialization code 
is called "flatsim.a38", and build file is called "application.bld". 
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2.10 Self-Test 

The 80376, like the 80386, has the capability to per- 
form a self-test. The self-test checks the function of 
all of the Control ROM and most of the non-random 
logic of the part. Approximately one-half of the 
80376 can be tested during self-test. 

Self-Test is initiated on the 80376 when the RESET 
pin transitions from HIGH to LOW, and the BUSY# 
pin is LOW. The self-test takes about 220 clocks, or 
approximately 33 ms with a 16 MHz 80376 proces- 
sor. At the completion of self-test the processor per- 
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents of 
the EAX register is zero. If the EAX register is not 
zero then the self-test has detected a flaw in the 
part. If self-test is not selected after reset, EAX may 
be non-zero after reset. 



2.11 Debugging Support 

The 80376 provides several features which simplify 
the debugging process. The three categories of on- 
chip debugging aids are: 

1 . The code execution breakpoint opcode (0CCH). 

2. The single-step capability provided by the TF bit 
in the flag register, and 

3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 

BREAKPOINT INSTRUCTION 

A single-byte software interrupt (Int 3) breakpoint in- 
struction is available for use by software debuggers. 
The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 



DEBUG REGISTERS 



BREAKPOINT DEBUG FAULT/TRAP 

BREAKPOINT 1 DEBUG FAULT/TRAP 

BREAKPOINT 2 DEBUG FAULT /TRAP 

BREAKPOINT 3 DEBUG FAULT/TRAP 

REGISTER ACCESS FAULT 

SINGLE-STEP DEBUG TRAP 

TASK SWITCH DEBUG TRAP 
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GLOBAL EXACT BREAKPOINT MAT 
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Figure 2.6. Debug Registers 
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SINGLE-STEP TRAP 

If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1 . 

The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break- 
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei- 
ther of which can be supported by the INT 3 break- 
point opcode. 

The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break- 
point control registers. Initially after reset, break- 
points are in the disabled state; therefore, no break- 
points will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug 
Registers are auto-vectored to exception 1 . 
Figure 2.6 shows the breakpoint status and control 
registers. 



3.0 ARCHITECTURE 

The Intel 8Q376 Embedded Processor has a physi- 
cal address space of 16 Mbytes (2 24 bytes) and al- 
lows the running of virtual memory programs of al- 
most unlimited size (16 Kbytes x 16 Mbytes or 
256 Gbytes (238 bytes)). In addition the 80376 pro- 
vides a sophisticated memory management and a 
hardware-assisted protection mechanism. 



3.1 Addressing Mechanism 

The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin- 
ear base address of a segment, and a 32-bit effec- 
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1). The table contains the 32-bit base ad- 
dress of a given segment. The linear address is 
formed by adding the base address obtained from 
the table to the 32-bit effective address. This value 
is truncated to 24 bits to form the physical address, 
which is then placed on the address bus. 



48/32 BIT POINTER 



SELECTOR 


EFFECTIVE 
ADDRESS 


16, 


t 


i** 




L* 


ACCESS RIGHTS 




LIMIT 




BASE ADDRESS 



<•> 



24 



'32 



SEGMENT 
DESCRIPTOR 



MEMORY OPERAND 



SEGMENT BASE 
ADDRESS 



SEGMENT LIMIT 



IEGABYTES ) SELECTED 



1 6 MEGABYTES 






f SEGMENT 



Figure 3.1. Address Calculation 
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3.2 Segmentation 

Segmentation is one method of memory manage- 
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions 
of memory which have common attributes. For ex- 
ample, all of the code of a given program could be 
contained in a segment, or an operating system ta- 
ble may reside in a segment. All information about 
each segment, is stored in an 8-byte data structure 
called a descriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 

TERMINOLOGY 

The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 

PL: Privilege Level— One of the four hierarchical 
privilege levels. Level is the most privileged 
level and level 3 is the least privileged. 

RPL: Requestor Privilege Level— The privilege 
level of the original supplier of the selector. 
RPL is determined by the least two significant 
bits of a selector. 

DPL: Descriptor Privilege Level— This is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev- 
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 

CPL: Current Privilege Level — The privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg- 
ment being executed. CPL can also be deter- 
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg- 
ments. 

EPL: Effective Privilege Level— The effective 
privilege level is the least privileged of the 
RPL and the DPL. EPL is the numerical maxi- 
mum of RPL and DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 



Each of the tables have a register associated with it: 
GDTR, LDTR and IDTR; see Figure 3.2. The LGDT, 
LLDT and LIDT instructions load the base and limit 
of the Global, Local and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLDT and 
SIDT store these base and limit values. These are 
privileged instructions. 







15 








15 




LDTR 


LDT DESCR 
SELECTOR 






LDT LIMIT 






15 




LDT BASE 
LINEAR ADDRESS 




1 










IDT LIMIT 


1 OA | 

• PROGRAM INVISIBLE • 
| AUTOMATICALLY LOADED J 
| FROM LDT DESCRIPTOR | 


IDTR 


IDT BASE 
LINEAR ADDRESS 






31 



15 






GDT LIMIT 


GDTR 


GDT BASE 
LINEAR ADDRESS 




31 






240182- 


12 



Figure 3.2. Descriptor Table Registers 



Global Descriptor Table 

The Global Descriptor Table (GDT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GDT can contain any type of 
segment descriptor except for interrupt and trap de- 
scriptors. Every 80376 system contains a GDT. A 
simple 80376 system contains only 2 entries in the 
GDT; a code and a data descriptor. 

The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 



DESCRIPTOR TABLES 

The descriptor tables define all of the segments 
which are used in an 80376 system. There are three 
types of tables on the 80376 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Decriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de- 
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 1 6-bit limit of each table. 



Local Descriptor Table 

LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GDT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LDT or the GDT. This pro- 
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vides both isolation and protection for a task's seg- 
ments* while still allowing global data to be shared 
among tasks. 

Unlike the 6-byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 1 6-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GDT (see Figure 2.1). 



INTERRUPT DESCRIPTOR TABLE 

The third table needed for 80376 systems is the In- 
terrupt Descriptor Table. The IDT contains the de- 
scriptors which point to the location of up to 256 
interrupt service routines. The IDT may contain only 
task gates, interrupt gates and trap gates. The IDT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and excep- 
tions. 



DESCRIPTORS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities which contain attributes about a given 
region of linear address space. These attributes in- 
clude the 32-bit logical base address of the seg- 

31 
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ment, the 20-bit length and granularity of the seg- 
ment, the protection level, read, write or execute 
privileges, and the type of segment. All of the attri- 
bute information about a segment is contained in 12 
bits in the segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P = 1 if the segment 
is loaded in physical memory, if P = then any 
attempt to access the segment causes a not present 
exception (exception 11). The DPL is a two-bit field 
which specifies the protection level, 0-3, associated 
with a segment. 

The 80376 has two main categories of segments: 
system segments, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg- 
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is 
then the segment is a system segment. 

Note that although the 80376 is limited to a 
16-Mbyte Physical address space (2 24 ), its base ad- 
dress allows a segment to be placed anywhere in a 
4-Gbyte linear address space. When writing code for 
the 80376, users should keep code protability to an 
^0386 processor (or other processors with a larger 
physical address space) in mind. A segment base 
address can be placed anywhere in this 4-Gbyte lin- 
ear address space, but a physical address will be 

BYTE 
ADDRESS 



+ 4 



BASE Base Address of the segment 

LIMIT The length of the segment 

P Present Bit 1 - Present = Not Present 

DPL Descriptor Privilege Level 0-3 

S Segment Descriptor: = System Descriptor, 1 = Code or Data Descriptor 

TYPE Type of Segment 

A Accessed Bit , 

G Granularity Bit 1 - Segment length is 4 Kbyte Granular 

= Segment length is byte granular 

Bi} must be zero (0) for compatibility with future processors 

AVL Available field for user or OS 



Figure 3.3. Segment Descriptors 
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G Granularity Bit 1 = Segment length is 4 Kbyte granular 

= Segment length is byte granular 
Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 



Figure 3.4. Code and Data Descriptors 
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Table 3.1. Access Rights Byte Definition for Code and Data Descriptors 



Bit 
Position 


Name 


Function 


7 

6-5 

4 


Present (P) 

Descriptor Privilege 
Level (DPL) 
Segment 
Descriptor (S) 


P = 1 Segment is mapped into physical memory. 
P = No mapping to physical memory exits 

Segment privilege attribute used in privilege tests. 

S = 1 Code or Data (includes stacks) segment descriptor 
S = System Segment Descriptor or Gate Descriptor 


3 
2 

1 


Executable (E) 
Expansion 
Direction (ED) 
Writable (W) 


E = Descriptor type is data segment: 

ED = Expand up segment, offsets must be ^ limit. 

ED = 1 Expand down segment, offsets must be > limit. 

W = Data segment may not be written into. 

W = 1 Data segment may be written into. 


If 

Data 
* Segment 
(S = 1, 
E = 0) 


3 
2 

1 


Executable (E) 
Conforming (C) 

Readable (R) 


E = 1 Descriptor type is code segment: 
C = 1 Code segment may only be executed when 
CPL ^ DPL and CPL remains unchanged. 
R = Code segment may not be read. 
R = 1 Code segment may be read. 


If 

Code 

Segment 

(S=1, 

E=1) 





Accessed (A) 


A = Segment has not been accessed. 
A = 1 Segment selector has been loaded into segment register 
or used by selector test instructions. 



generated that is a truncated version of this linear 
address. Truncation will be to the maximum number 
of address bits. It is recommended to place EPROM 
at the highest physical address and DRAM at the 
lowest physical addresses. 

Code and Data Descriptors (S= 1) 

Figure 3.4 shows the general format of a code and 
data descriptor and Table 3.1 illustrates how the bits 
in the Access Right Byte are interpreted. 

Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when- 
ever the processor accesses a descriptor. The gran- 
ularity bit, G, specifies if a segment length is 1 -byte- 
granular or 4-Kbyte-granular. Base address bits 
31-24, which are normally found in 80386 descrip- 
tors, are not made externally available on the 80376. 
They do not affect the operation of the 80376. The 
A31-A24 field should be set to allow an 80386 to 
correctly execute with EPROM at the upper 4096 
Mbytes of physical memory. 

System Descriptor Formats (S = 0) 

System segments describe information about oper- 
ating! system tables, tasks, and gates. Figure 3.5 
shows the general format of system segment de- 
scriptors, and the various types of system segments. 



80376 system descriptors (which are the same as 
80386 descriptor types 2, 5, 9, B, C, E and F) contain 
a 32-bit logical base address and a 20-bit segment 
limit. 

Selector Fields 

A selector has three fields: Local or Global Descrip- 
tor Table Indicator (Tl), Descriptor Entry Index (In- 
dex), and Requestor ( the selector's) Privilege Level 
(RPL) as shown in Figure 3.6. The Tl bit selects ei- 
ther the Global Descriptor Table or the Local De- 
scriptor Table. The Index selects one of 8K descrip- 
tors in the appropriate descriptor table. The RPL bits 
allow high speed testing of the selector's privilege 
attributes. 

Segment Descriptor Cache 

In addition to the selector value, every segment reg- 
ister has a segment descriptor cache register asso- 
ciated with it. Whenever a segment register's con- 
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg- 
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg- 
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's 
value. 
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Figure 3.6. Example Descriptor Selection 



3.3 Protection 



The 80376 offers extensive protection features. 
These protection features are particularly useful in 
sophisticated embedded applications which use 
multitasking real-time operating systems. For sim- 
pler embedded applications these protection capa- 
bilities can be easily bypassed by making all applica- 
tions run at privilege level (PL) 0. 

RULES OF PRIVILEGE 

The 80376 controls access to both data and proce- 
dures between levels of a task, according to the fol- 
lowing rules. 



—Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 

— -A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 

PRIVILEGE LEVELS 

At any point in time, a task on the 80376 always 
executes, at one of the four privilege levels. The Cur- 
rent Privilege Level (CPL) specifies what the task's 
privilege level is. A task's CPL may only be changed 
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by control transfers through gate descriptors to a 
code segment with a different privilege level. Thus, 
an application program running at PL =3 may call an 
operating system routine at PL = 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 

Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
RPL field. The selector's RPL is only used to estab- 
lish a less trusted privilege level than the current 
privilege level of the task for the use of a segment. 
This level is called the task's effective privilege level 
(EPL). The EPL is defined as being the least privi- 
leged (numerically larger) level of a task's CPL and a 
selector's RPL. The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi- 
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
RPL value, the Adjust RPL (ARPL) instruction is pro- 
vided to force the RPL bits to the originator's CPL. 



I/O Privilege 

The I/O privilege level (IOPL) lets the operating sys- 
tem code executing at CPL = define the least privi- 
leged level at which I/O instructions can be used. An 
exception 1 3 (General Protection Violation) is gener- 
ated if an I/O instruction is attempted when the CPL 
of the task is less privileged than the IOPL. The 
IOPL is stored in bits 13 and 14 of the EFLAGS reg- 
ister. The following instructions cause an exception 
13 if the CPL is greater than IOPL: IN, INS, OUT, 
OUTS, STI, CLI and LOCK prefix. 



Any time an instruction loads a data segment regis- 
ter (DS, ES, FS, GS) the 80376 makes protection 
validation checks. Selectors loaded in the DS, ES, 
FS, GS registers must refer only to data segment or 
readable code segments. 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 1 3 (gen- 
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In- 
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg- 
ments. The DPL and RPL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 1 3. A stack not present fault 
causes an exception 1 2. 

PRIVILEGE LEVEL TRANSFERS 

Inter-segment control transfers occur when a selec- 
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 3.2. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in- 
terrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 1 3. 



Descriptor Access 

There are basically two types of segment acces- 
sess: those involving code segments such as con- 
trol transfers, and those involving data accesses. 
Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed, 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL as described above. 



CALL GATES 

Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust- 
ed procedures. 
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Table 3.2. Descriptor Types Used for Control Transfer 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higher privilege level 
Interrupt within task may change GPL 


CALL 


Call Gate 


GDT/LDT 


Interrupt Instruction, 
Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


Intersegment to a lower privilege level 
(changes task GPL) 


RET, IRET* 


Code Segment 


GDT/LDT 




CALL, JMP 


Task State 
Segment 


GDT 


Task Switch 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET** 

Interrupt Instruction, 
Exception, External 
Interrupt 


Task Gate 


IDT 



*NT (Nested Task bit of flag register) = 
**NT (Nested Task bit of flag register) = 1 
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Figure 3.7. 80376 TSS And TSS Registers 
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TASK SWITCHING 

A very important attribute of any multi-tasking oper- 
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and commences execution in the new task. 
Like transfer of control by gates, the task switch op- 
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS), or a task gate descriptor in 
the GDT or LDT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated IDT descriptor slot. For simple appli- 
cations, the TSS and task switching may not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GDT, LDT 
or IDT. 

The TSS descriptor points to a segment (see Figure 
3.7) containing the entire 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition- 
al information as the reason the task is inactive, the 
time the task has spent running, and open files be- 
longing to the task. 

Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the I RET instruction. When I RET is 
executed, control is returned to the task which was 



interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and CR0 register give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the I RET instruction. If NT = 
the I RET instruction performs the regular return. If 
NT = 1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter- 
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 

The 80376 task state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE 0BH. Use of a selector that references a busy 
task state segment causes an exception 13. 

The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CR0 register helps deal with the coproces- 
sor's state in a multi-tasking environment. Whenever 
the 80376 switches tasks, it sets the TS bit. The 
80376 detects the first use of a processor extension 
instruction after a task switch and causes the proc- 
essor extension not available exception 7. The ex- 
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 

The T bit in the 80376 TSS indicates that the proc- 
essor should generate a debug exception when 
switching to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 
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PROTECTION AND I/O PERMISSION BIT MAP 

The I/O instructions that directly refer to addresses 
in the processor's I/O space are IN, INS, OUT and 
OUTS. The 80376 has the ability to selectively trap 
references to specific I/O addresses. The structure 
that enables selective trapping is the I/O Permis- 
sion Bit Map in the TSS segment (see Figures 3.7 
and 3.8). The I/O permission map is a bit vector. 
The size of the map and its location in the TSS seg- 
ment are variable. The processor locates the I/O 
permission map by means of the I/O map base field 
in the fixed portion of the TSS. The I/O map base 
field is 16 bits wide and contains the offset of the 
beginning of the I/O permission map. 

If an I/O instruction (IN, INS, OUT or OUTS) is en- 
countered, the processor first checks whether 
CPL <> IOPL. If this condition is true, the I/O opera- 
tion may proceed. If not true, the processor checks 
the I/O permission map. 

Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
I/O map base + 5 linearly, (5X8 = 40), bit offset 
1 . The processor tests all the bits that correspond to 
the I/O addresses spanned by an I/O operation; for 
example, a double word operation tests four bits cor- 
responding to four adjacent byte addresses. If any 
tested bit is set, the processor signals a general pro- 
tection exception. If all the tested bits are zero, the 
I/O operations may proceed. 



It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one- 
bits in the map. The I/O map base should be at 
least one byte less than the TSS limit and the last 
byte beyond the I/O mapping information must con- 
tain all 1 's. 

Because the I/O permission map is in the TSS seg- 
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task's TSS. 

IMPORTANT IMPLEMENTATION NOTE: 

Beyond the last byte of I/O mapping information in 
the I/O permission bit map must be a byte contain- 
ing all Vs. The byte of all Vs must be within the 
limit of the 80376's TSS segment (see Figure 3.7). 



4.0 FUNCTIONAL DATA 

The Intel 80376 embedded processor features a 
straightforward functional interface to the external 
hardware. The 80376 has separate parallel buses 
for data and address. The data bus is 16 bits in 
width, and bidirectional. The address bus outputs 
24-bit address values using 23 address lines and 
two-byte enable signals. 

The 80376 has two selectable address bus cycles: 
pipelined and non-pipelined. The pipelining option 
allows as much time as possible for data access by 
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starting the pending bus cycle before the present 
bus cycle is finished. A non-pipelined bus cycle 
gives the highest bus performance by executing ev- 
ery bus cycle in two processor clock cycles. For 
maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 80376 bus cy- 
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex- 
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 

The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access (DMA) channels. When relin- 
quished, HLDA is the only output pin driven by the 
80376, providing near-complete isolation of the 
processor from its system (all other output pins are 
in a float condition). 



4.1 Signal Description Overview 

Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. Note 
the # symbol at the end of a signal name indicates 
the active, or asserted, state occurs when the signal 
is at a LOW voltage. When no # is present after the 
signal name, the signal is asserted when at the 
HIGH voltage level. 



Example signal: M/IO#- 



-HIGH voltage indicates 
Memory selected 

-LOW voltage indicates 
I/O selected 



The signal descriptions sometimes refer to A.C. tim- 
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame- 
ters can be found in Table 6.4. 



CLOCK (CLK2) 

CLK2 provides the fundamental timing for the 
80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu- 
tion. The internal clock is comprised pf two 
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Figure 4.2. CLK2 Signal and Internal Processor Clock 
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phases, "phase one" and "phase two". Each CLK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times t25 and t26- 

DATA BUS (D 15 -D ) 

These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
t2i and t22 be met relative to CLK2 for correct oper- 
ation. 



ADDRESS BUS (BHE#, BLE#, A 23 -A 1 ) 

These three-state outputs provide physical memory 
addresses or I/O port addresses. A23-A16 are LOW 
during I/O transfers except for I/O transfers auto- 
matically generated by coprocessor instructions. 



During coprocessor I/O transfers, A22-A16 are driv- 
en LOW, and A23 is driven HIGH so that this ad- 
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the I/O address 
driven by the 80376 for coprocessor commands is 
8000F8H, and the I/O address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 

The address bus is capable of addressing 1 6 Mbytes 
of physical memory space (OOOOOOH through 
OFFFFFFH), and 64 Kbytes of I/O address space 
(OOOOOOH through OOFFFFH) for programmed I/O. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 

The Byte Enable outputs BHE# and BLE# directly 
indicate which bytes of the 16-bit data bus are in- 
volved with the current transfer. BHE# applies to 
D 15 -D 8 and BLE# applies to D 7 -D . If both BHE# 
and BLE# are asserted, then 16 bits of data are 
being transferred. See Table 4.1 for a complete de- 
coding of these signals. The byte enables are active 
LOW and will float during bus hold acknowledge. 



Table 4.1. Byte Enable Definitions 



BHE# 


BLE# 


Function 








Word Transfer 





1 


Byte Transfer on Upper Byte of the Data Bus, D^-Ds 


1 





Byte Transfer on Lower Byte of the Data Bus, D7-D0 


1 


1 


Never Occurs 
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BUS CYCLE DEFINITION SIGNALS 
(W/R#, D/C#, M/IO#, LOCK#) 

These three-state outputs define the type of bus cy- 
cle being performed: W/R# distinguishes between 
write and read cycles, D/C# distinguishes between 
data and control cycles, M/IO# distinguishes be- 
tween memory and I/O cycles, and LOCK# distin- 
guishes between locked and unlocked bus cycles. 
All of these signals are active LOW and will float 
during bus acknowledge. 

The primary bus cycle definition signals are W/R#, 
D/C# and M/IO#, since these are the signals driv- 
en valid as ADS# (Address Status output) becomes 
active. The LOCK# signal is driven valid at the same 
time the bus cycle begins, which due to address 
pipelining, could be after ADS# becomes active. Ex- 
act bus cycle definitions, as a function of W/R#, 
D/C# and M/IO# are given in Table 4.2. 

LOCK# indicates that other system bus masters are 
not to gain control of the system bus while it is ac- 
tive. LOCK# is activated on the CLK2 edge that be- 
gins the first locked bus cycle (i.e., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned to the end 
of the last bus cycle which is to be locked. The be- 
ginning of a bus cycle is determined when READY # 
is returned in a previous bus cycle and another is 
pending (ADS# is active) or the clock in which 
ADS# is driven active if the bus was idle. This 
means that it follows more closely with the write 
data rules when it is valid, but may cause the bus to 
be locked longer than desired. The LOCK# signal 
may be explicitly activated by the LOCK prefix on 
certain instructions. LOCK# is always asserted 
when executing the XCHG instruction, during de- 
scriptor updates, and during the interrupt acknowl- 
edge sequence. 



BUS CONTROL SIGNALS 
(ADS#, READY#, NA#) 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 



Address Status (ADS #) 

This three-state output indicates that a valid bus cy- 
cle definition and address (W/R#, D/C#, M/IO#, 
BHE#, BLE# and A23-A1) are being driven at the 
80376 pins. ADS# is an active LOW output. Once 
ADS# is driven active, valid address, byte enables, 
and definition signals will not change. In addition, 
ADS# will remain active until its associated bus cy- 
cle begins (when READY # is returned for the previ- 
ous bus cycle when running pipelined bus cycles). 
ADS# will float during bus hold acknowledge. See 
sections Non-Pipelined Bus Cycles (page 43) and 
Pipelined Bus Cycles (page 45) for additional infor- 
mation on how ADS# is asserted for different bus 
states. 



Transfer Acknowledge (READY #) 

This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by BHE# and 
BLE# are accepted or provided. When READY # is 
sampled active during a read cycle or interrupt ac- 
knowledge cycle, the 80376 latches the input data 
and terminates the cycle. When READY # is sam- 
pled active during a write cycle, the processor termi- 
nates the bus cycle. 



Table 4.2. Bus Cycle Definition 



M/IO# 


D/C# 


W/R# 


Bus Cycle Type 


Locked? 











INTERRUPT ACKNOWLEDGE 


Yes 








1 


Does Not Occur 


— 





1 





I/O DATA READ 


No 





1 


1 


I/O DATA WRITE 


No 


1 








MEMORY CODE READ 


No 


1 





1 


HALT: SHUTDOWN: 
Address = 2 Address = 
BHE# = 1 BHE# = 1 
BLE# = BLE# = 


No 


1 


1 





MEMORY DATA READ 


Some Cycles 


1 


1 


1 


MEMORY DATA WRITE 


Some Cycles 
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READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY # must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica- 
tion and Shutdown Indication bus cycles. When be- 
ing sampled, READY # must always meet setup and 
hold times tig and t2o for correct operation. 

Next Address Request (NA#) 

This is used to request pipelining. This input indi- 
cates the system is prepared to accept new values 
of BHE#, BLE#, A23-AV, W/R#, D/C# and 
M/IO# from the 80376 even if the end of the current 
cycle is not being acknowledged on READY #. If this 
input is active when sampled, the next bus cycle's 
address and status signals are driven onto the bus, 
provided the next bus request is already pending in- 
ternally. NA# is ignored in clock cycles in which 
ADS# or READY # is activated. This signal is active 
LOW and must satisfy setup and hold times ti5 and 
ti6 for correct operation. See Pipelined Bus Cycles 
(page 45) and Read and Write Cycles (page 42) for 
additional information. 



HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold times t23 and t24 for correct operation. 

Bus Hold Acknowledge (HLDA) 

When active (HIGH), this output indicates the 80376 
has relinquished control of its local bus in response 
to an asserted HOLD signal, and is in the bus Hold 
Acknowledge state. 

The Bus Hold Acknowledge state offers near-com- 
plete signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
80376. The other output signals or bidirectional sig- 
nals (D 15 -D , BHE#, BLE#, A23-AL W/R#, 
D/C#, M/IO#, LOCK# and ADS*) are in a high- 
impedance state so the requesting bus master may 
control them. These pins remain OFF throughout the 
time that HLDA remains active (see Table 4.3). Pull- 
up resistors may be desired on several signals to 
avoid spurious activity when no bus master is driving 
them. See Resistor Recommendations (page 59) 
for additional information. 



BUS ARBITRATION SIGNALS (HOLD, HLDA) 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge (page 
52) for additional information. 



Bus Hold Request (HOLD) 

This input indicates some device other than the 
80376 requires bus mastership. When control is 
granted, the 80376 floats A23-AL BHE#, BLE#, 
D 15 -D , LOCK#, M/IO#, D/C#, W/R# and 
ADS#, and then activates HLDA, thus entering the 
bus hold acknowledge state. The local bus will re- 
main granted to the requesting master until HOLD 
becomes inactive. When HOLD becomes inactive, 
the 80376 will deactivate HLDA and drive the local 
bus (at the same time), thus terminating the hold 
acknowledge condition. 

HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis- 
tors may be required when in the hold acknowledge 
state since none of the 80376 floated outputs have 
internal pull-up resistors. See Resistor Recommen- 
dations (page 59) for additional information. HOLD 
is not recognized while RESET is active but is recog- 
nized during the time between the high-to-low tran- 
sistion of RESET and the first instruction fetch. If 
RESET is asserted while HOLD is asserted, RESET 
has priority and places the bus into an idle state, 
rather than the hold acknowledge (high-impedance) 
state. 



When the HOLD signal is made inactive, the 80376 
will deactivate HLDA and drive the bus. One rising 
edge on the NMI input is remembered for processing 
after the HOLD input is negated. 

Table 4.3. Output Pin State during HOLD 



Pin Value 


Pin Names 


1 
Float 


HLDA 

LOCK#, M/IO#, D/C#, W/R#, 

ADS#, A23-AL BHE#, BLE#, 

D15-D0 



In addition to the normal usage of Hold Acknowl- 
edge with DMA controllers or master peripherals, 
the near-complete isolation has particular attractive- 
ness during system test when test equipment drives 
the system, and in hardware-fault-tolerant applica- 
tions. 



Hold Latencies 

The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la- 
tency at any time depends on the current bus activi- 
ty, the state of the LOCK# signal (internal to the 
CPU) activated by the LOCK# prefix, and interrupts. 
The 80376 will not honor a HOLD request until the 
current bus operation is complete. Table 4.4 shows 
the types of bus operations that can affect HOLD 
latency, and indicates the types of delays that 
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these operations may introduce. When considering 
maximum HOLD latencies, designers must select 
which of these bus operations are possible, and 
then select the maximum latency form among them. 

The 80376 breaks 32-bit data or I/O accesses into 2 
internally locked 16-bit bus cycles; the LOCK# sig- 
nal is not asserted. The 80376 breaks unaligned 
1 6-bit br 32-bit data or I/O accesses into 2 Or 3 inter- 
nally locked 16-bit bus cycles. Again the LOCK# 
signal is not asserted but a HOLD request will not be 
recognized until the end of the entire transfer. 

As indicated in Table 4.4, wait states affect HOLD 
latency. The 80376 will not honor a HOLD request 
until the end of the current bus operation, no matter 
how many wait states are required. Systems with 
DMA where data transfer is critical must insure that 
READY # returns sufficiently soon. 

Table 4.4. Locked Bus Operations Affecting 
HOLD Latency in Systems Clocks 



}***Not Available At This Time***! 



Coprocessor Busy (BUSY #) 

When asserted (LOW), this input indicates the co- 
processor is still executing an instruction, and is not 
yet able to accept another. When the 80376 en- 
counters any coprocessor instruction which oper- 
ates on the numerics stack (e.g. load, pop, or arith- 
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is seen to be 
inactive. This sampling of the BUSY# input prevents 
overrunning the execution of a previous coprocessor 
instruction. 

The F(N)INIT, F(N)CLEX coprocessor instructions 
are allowed to execute even if BUSY# is active, 
since these instructions are used for coprocessor 
initialization and exception-clearing. 

BUSY# is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times, t29 and t3o, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 KH to Vcc so that it will not float active when left 
unconnected. 



COPROCESSOR INTERFACE SIGNALS 
(PEREQ, BUSY#, ERROR#) 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 80376 and the 
80387SX processor extension. 

Coprocessor Request (PEREQ) 

When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans- 
ferred to/from memory by the 80376. In response, 
the 80376 transfers information between the co- 
processor and memory. Because the 80376 has in- 
ternally stored the coprocessor opcode being exe- 
cuted, it performs the requested data transfer with 
the correct direction and memory address. 

PEREQ is a level-sensitive active HIGH asynchro- 
nous signal. Setup and hold times, t£9 and t3o, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resfetor of 
around 20 Kft to ground so that it will not float active 
when left unconnected. 



BUSY# serves an additional function. If BUSY # is 
sampled LOW at the falling edge of RESET* the 
80376 processor performs an internal self-test (see 
Bus Activity During and Following Reset on page 
54). If BUSY ,# is sampled HIGH, no self-test is per- 
formed. 



Coprocessor Error (ERROR #) 

When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat- 
ically sampled by the 80376 when a coprocessor 
instruction is encountered, and if active, the 80376 
generates exception 16 to access the error-handling 
software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 80376 generating exception 16 even if ER- 
ROR # is active. These instructions are FN I NIT, 
FNCLEX, FNSTSW, FNSTSWAX, FNSTCW, 
FNSTENV and FNSAVE. 



4-740 



intef 



80376 



ADVANCE ONPORIiMirOOM 



ERROR # is an active LOW, level-sensitive asyn- 
chronous signal. Setup and hold times t29 and t3o, 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 Kft to Vcc so that it will not float active when left 
unconnected. 



INTERRUPT SIGNALS (INTR, NMI, RESET) 

The following descriptions cover inputs that can in- 
terrupt or suspend execution of the processor's cur- 
rent instruction stream. 



Maskable Interrupt Request (INTR) 

When asserted, this input indicates a request for in- 
terrupt service, which can be masked by the 80376 
Flag Register IF bit. When the 80376 responds to 
the INTR input, it performs two interrupt acknowl- 
edge bus cycles and, at the end of the second, 
latches an 8-bit interrupt vector on D7-D0 to identify 
the source of the interrupt. 

INTR is an active HIGH, level-sensitive asynchro- 
nous signal. Setup and hold times, t27 and t28> rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec- 
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction, In order to be recognized at a particular 
instruction boundary, INTR must be active at least 
eight CLK2 clock periods before the beginning of the 
execution of the instruction. If recognized, the 80376 
will begin execution of the interrupt 

Non-Maskable Interrupt Request (NMI) 

This input indicates a request for interrupt service 
which cannot be masked by software. The non- 
maskable interrupt request is always processed ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 

NMI is an active HIGH, rising edge-sensitive asyn- 
chronous signal. Setup and hold times, t27 and t28. 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec- 
ognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight 
CLK2 periods before the beginning of the execution 
of an instruction. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in- 
struction, which is typically the end of the NMI serv- 



ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem- 
bered for processing after executing the next IRET 
instruction. 



Interrupt Latency 

The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to sev- 
eral factors. This delay must be taken into account 
by the interrupt source. Any of the following factors 
can affect interrupt latency: 

1 . If interrupts are masked, and INTR request will 
not be recognized until interrupts are reenabled. 

2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 80376 
encounters the IRET instruction. 

3. An interrupt request is recognized only on an in- 
struction boundary of the 80376 Execution Unit 
except for the following cases: 

— Repeat string instructions can be interrupted 
after each iteration. 

— If the instruction loads the Stack Segment reg- 
ister, an interrupt is not processed until after 
the following instruction, which should be an 
ESP load. This allows the entire stack pointer 
to be loaded without interruption. 

— If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 

The longest latency occurs when the interrupt re- 
quest arrives while the 80376 processor is exe- 
cuting a long instruction such as multiplication, di- 
vision or a task-switch. 

4. Saving the Flags register and CS:EIP registers. 

5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 

6. If the interrupt service routine saves registers that 
are not automatically saved by the 80376. 

RESET 

This input signal suspends any operation in progress 
and places the 80376 in a known reset state. The 
80376 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re- 
questing self-test). When RESET is active, all other 
input pins are ignored, and all other bus pins are 
driven to an idle bus state as shown in Table 4.5. if 
RESET and.HOLD are both active at a point in time, 
RESET takes priority even if the 80376 was in a 
Hold Acknowledge state prior to RESET active. 

RESET is an active HIGH, level-sensitive synchro- 
nous signal. Setup and hold times, t25 and t26» must 
be met in order to assure proper operation of the 
80376. 
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Table 4.5. Pin State (Bus Idle) during RESET 



Pin Name 


Signal Level during RESET 


ADS# 


1 


Dl5-D 


Float 


BHE#,BLE# 





A 23 -A 1 


1 


W/R# 





D/C# 


1 


M/IO# 





LOCK# 


1 


HLDA 






4.2 Bus Transfer Mechanism 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
physical address alignment. Any byte boundary may 
be used, although two physical bus cycles are per- 
formed as required for unaligned operand transfers. 

The 80376 processor address signals are designed 
to simplify external system hardware. BHE# and 
BLE# provide linear selects for the two bytes of the 
1 6-bit data bus. 

Byte Enable outputs BHE# and BLE# are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 4.6. 

Table 4.6. Byte Enables and Associated 
Data and Operand Bytes 



Byte Enable 


Associated Data Bus Signals 


BHE# 
BLE# 


D-15-Q8 ( Bvte 1— Most Significant) 
D7-D0 (Byte 0— Least Significant) 



Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See Bus Functional 
Description (page 39) for additional information. 



4.3 Memory and I/O Spaces 

Bus cycles may access physical memory space or 
I/O space. Peripheral devices in the system may ei- 
ther be memory-mapped, or l/O-mapped, or both. 
As shown in Figure 4.3, physical memory addresses 
range from 000000H to OFFFFFFH (16 Mbytes) and 
I/O addresses from 000000H to 00FFFFH 
(64 Kbytes). Note the I/O addresses used by the 
automatic I/O cycles for coprocessor communica- 
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed I/O, to allow easy generation 
of a coprocessor chip select signal using the A23 
and M/IO# signals. 

OPERAND ALIGNMENT 

With the flexibility of memory addressing on the 
80376, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or I/O. Examples are 32-bit Dword or 16-bit 
word operands beginning at addresses not evenly 
divisible by 2. 

Operand alignment and size dictate when multiple 
bus cycles are required. Table 4.6a describes the 
transfer cycles generated for all combinations of log- 
ical operand lengths and alignment. 

Table 4.6a. Transfer Bus Cycles 
for Bytes, Words and Dwords 





Byte-Length of Logical Operand 




1 


2 


4 


Physical Byte 
Address in 
Memory 
(Low-Order 
Bits) 


XX 


00 


01 


10 


11 


00 


01 


10 


11 


Transfer 
Cycles 


b 


w 


lb, 
hb 


w 


hb, 
l,b 


Iw, 
hw 


hb, 
lb, 
mw 


hw, 
Iw 


mw, 
hb, 
lb 



Key: 



b = byte transfer 
w = word transfer 
I = low-order portion 
m = mid-order portion 
x = don't care 
h = high-order portion 
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PHYSICAL 
MEMORY 



1 6-MBYTE 



8000FFH I 

8000F8H I 

(NOTE ) 



- COPROCESSOR 



I ACCESSIBLE! 



OOFFFFH 



OOOOOOH 
PHYSICAL MEMORY SPACE 



64kBYTE 



ACCESSIBLE 
PROGRAMMED 
I/O SPACE 



I/O SPACE 



240182-18 



NOTE: 

Since A 2 3 is HIGH during automatic communication with coprocessor, A23 HIGH and M/IO# LOW can be used to easily 
generate a coprocessor select signal. 



Figure 4.3. Physical Memory and I/O Spaces 



4.4 Bus Functional Description 

The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi- 
rectional. The address bus provides a 24-bit value 
using 23 signals for the 23 upper-order address bits 
and 2 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con- 
trolled by several definition signals. 

The definition of each bus cycle is given by three 
signals: M/IO#, W/R# and D/C#, At the same 
time, a valid address is present on the byte enable 
signals, BHE# and BLE#, and the other address 
signals A23-A1. A status signal, ADS#, indicates 
when the 80376 issues a new bus cycle definition 
and address. 

Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as "the 
bus". When active, the bus performs one of the bus 
cycles below: 

1 . Read from memory space 

2. Locked read from memory space 

3. Write to memory space 

4. Locked write to memory space 



5. Read from I/O space (or coprocessor) 

6. Write to I/O space (or coprocessor) 

7. Interrupt acknowledge (always locked) 

8. Indicate halt, or indicate shutdown 

Table 4.2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See Bus Cycle 
Definition Signals (page 35) for additonal informa- 
tion. 

When the 80376 bus is not performing one of the 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex- 
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS#) since the beginning of its 
most recent bus cycle, and the most recent bus cy- 
cle having been terminated. The hold acknowledge 
state is identified by the 80376 asserting its hold ac- 
knowledge (HLDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 
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Figure 4.4. Fastest Read Cycles with Non-Pipelined Timing 



The fastest 80376 bus cycle requires only two bus 
states. For example, three consecutive bus read cy- 
cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or I/O address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80376 
READY # input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY# is not immedi- 
ately asserted however, T2 states are repeated in- 
definitely until the READY # input is sampled active. 

The pipelining option provides a choice of bus cycle 
timings. Pipelined or non-pipelined cycles are 



selectable on a cycle-by-cycle basis with the Next 
Address (NA#) input. 

When pipelining is selected the address (BHE#, 
BLE# and A 2 3-A 1 ) and definition (W/R#, D/C#, 
M/IO# and LOCK#) of the next cycle are available 
before the end of the current cycle. To signal their 
availability, the 80376 address status output (ADS#) 
is asserted. Figure 4.5 illustrates the fastest read cy- 
cles with pipelined timing. 

Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T2P. Therefore pipelined cycles allow the same 
data bandwidth as non-pipelined cycles, but ad- 
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy- 
cle. 
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Figure 4.5. Fastest Read Cycles with Pipelined Timing 



READ AND WRITE CYCLES 

Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles, data is transferred from the 
processor to an external device. 

Two choices of bus cycle timing are dynamically se- 
lectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined tim- 
ing. However the NA# (Next Address) input may be 
asserted to select pipelined timing for the next bus 
cycle. When pipelining is selected and the 80376 
has a bus request pending internally, the address 
and definition of the next cycle is made available 
even before the current bus cycle is acknowledged 
byREADY#. 

Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY # input. Until acknowledged, the processor 
inserts wait states into the bus cycle, to allow adjust- 



ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY # input at the appro- 
priate time. 

At the end of the second bus state within the bus 
cycle, READY # is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY #, the bus cycle terminates as shown in Fig- 
ure 4.6. If READY # is negated as in Figure 4.7, the 
80376 executes another bus state (a wait state) and 
READY # is sampled again at the end of that state. 
This continues indefinitely until the cycle is acknowl- 
edged by READY # asserted. 

When the current cycle is acknowledged, the 80376 
terminates it. When a read cycle is acknowledged, 
the 80376 latches the information present at its data 
pins. When a write cycle is acknowledged, the write 
data of the 80376 remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 



Figure 4.6. Various Non-Pipelined Bus Cycles (Zero Wait States) 



Non-Pipelined Bus Cycles 

Any bus cycle may be performed with non-pipelined 
tjming. For example, Figure 4.6 shows a mixture of 
non-pipelined read and write cycles. Figure 4.6 
shows that the fastest possible non-pipelined cycles 
have two bus states per bus cycle. The states are 
named T1 and T2. In phase one of T1 , the address 
signals and bus cycle definition signals are driven 
valid and, to signal their availability, address strobe 
(ADS #) is simultaneously asserted. 



During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80376 floats its 
data signals to allow driving by the external device 
being addressed. The 80376 requires that ail data 
bus pins be at a valid logic state (HIGH or LOW) 
at the end of each read cycle, when READY # is 
asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the 80376 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgement. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 



Figure 4.7. Various Non-Pipelined Bus Cycles (Various Number of Wait States) 



Figure 4.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY # is 
sampled inactive at the end of the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY # is 
sampled active. 

When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir- 
able to maintain non-pipelined timing, it is necessary 
to negate NA# during each T2 state except the 



last one, as shown in Figure 4.7, Cycles 2 and 3. If 
NA# is sampled active during a T2 other than the 
last one, the next state wouJd be T2I or T2P instead 
of another T2. 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions between four possible 
states, T1 , T2, Tj, and T n . Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth- 
erwise the bus may be idle, Tj, or in the hold ac- 
knowledge state T n . 



4-747 



■tief 



80376 



MMM1©M DNIF^RQSIM B@M 



HOLD ASSERTED 




HOLD NEGATED* 
NO REQUEST 



READY# NEGATED • 
NA# NEGATED 

240182-23 



Bus States: 

T1 — first clock of a non-pipelined bus cycle (80376 drives new address and asserts ADS#). 

T2— subsequent clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle. 

Ti— idle state. 

Th— hold acknowledge state (80376 asserts HLDA). 

The fastest bus cycle consists of two states: T1 and T2. 

Four basic bus states describe bus operation when not using pipelined address. 



Figure 4.8. 80376 Bus States (Not Using Pipelined Address) 



Bus cycles always begin with T1 . T1 always leads to 
12. If a bus cycle is not acknowledged during T2 and 
NA# is inactive, T2 is repeated. When a cycle is 
acknowledged during 12, the following state will be 
T1 of the next bus cycle if a bus request is pending 
internally, or Tj if there is no bus request pending, or 
Th if the HOLD input is being asserted. 

Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 on page 49 is the complete bus state diagram, 
including pipelined cycles. 



Pipelined Bus Cycles 

Pipelining is the option of requesting the address 
and the bus cycle definition of the next inter- 



nally pending bus cycle before the current bus cycle 
is acknowledged with READY # asserted. ADS# is 
asserted by the 80376 when the next address is is- 
sued. The pipelining option is controlled on a cycle- 
by-cycle basis with the NA# input signal. 

Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA# input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles NA# is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA# is sampled at the 
end of phase one of every T2 (it was asserted once 
during the first T2 and has no further effect during 
that bus cycle). 
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Following any idle bus state (Ti), bus cycles are non-pipelined. Within non-pipelined bus cycles, NA# is only sampled 
during wait states. Therefore, to begin pipelining during a group of non-pipelined bus cycles requires a non-pipelined 
cycle with at least one wait state (Cylcle 2 above). 



Figure 4.9. Transitioning to Pipelining during Burst of Bus Cycles 



If NA# is sampled active, the 80376 is free to drive 
the address and bus cycle definition of the next bus 
cycle, and assert ADS#, as soon as it has a bus 
request internally pending. It may drive the next ad- 
dress as early as the next bus state, whether the 
current bus cycle is acknowledged at that time or 
not. 

Regarding the details of pipelining, the 80376 has 
the following characteristics: 

1 . The next address and status may appear as early 
as the bus state after NA# was sampled active 
(see Figures 4.9 or 4.10). In that case, state T2P 
is entered immediately. However, when there is 
not an internal bus request already pending, the 
next address and status will not be available im- 
mediately after NA# is asserted and T2I is en- 
tered instead of T2P (see Figure 4.11 Cycle 3). 
Provided the current bus cycle isn't yet acknow- 



ledged by READY # asserted, T2P will be entered 
as soon as the 80376 does drive the next address 
and status. External hardware should therefore 
observe the ADS# output as confirmation the 
next address and status are actually being driven 
on the bus. 

2. Any address and status which are validated by a 
pulse on the 80376 ADS# output will remain sta- 
ble on the address pins for at least two processor 
clock periods. The 80376 cannot produce anew 
address and status more frequently than every 
two processor clock periods (see Figures 4.9, 
4.10 and 4.11). 

3. Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca- 
pability cannot look further than one bus cycle 
ahead (see Figure 4.11, Cycle 1). 
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Following any idle bus state (Ti) the bus cycle is always non-pipelined and NA# is only sampled during wait states. To 
start, address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 



Figure 4.10. Fastest Transition to Pipelined Bus Cycle Following Idle Bus State 



The complete bus state transition diagram, including 
pipelining is given by Figure 4.12. Note it is a super- 
set of the diagram for non-pipelined only, and the 
three additional bus states for pipelining are drawn 
in bold. 

The fastest bus cycle with pipelining consists of just 
two bus states, T1 P and T2P (recall for non-pipe- 
lined it is T1 and T2). T1P is the first bus state of a 
pipelined cycle. 



a pipelined bus cycle TIP. From an idle state, Tj, the 
first bus cycle must begin with T1 , and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA# is asserted and 
the first bus cycle ends in a T2P state (the address 
and status for the next bus cycle is driven during 
T2P). The fastest path from an idle state to a pipe- 
lined bus cycle is shown in bold below: 



Ti, Ti, T1-T2-T2P, 



T1P-T2P, 



Initiating and Maintaining Pipelined Bus Cycles 

Using the state diagram Figure 4.12, observe the 
transitions from an idle state, Tj, to the beginning of 



idle 
states 



non-pipelined 
cycle 



pipelined 
cycle 
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Figure 4.11. Details of Address Pipelining during Cycles with Wait States 



T1 -T2-T2P are the states of the bus cycle that es- 
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 



Th» Th, T h , 



T1-T2-T2P, T1P-T2P, 



hold aknowledge non-pipelined pipelined 
states cycle cycle 



The transition to pipelined address is shown func- 
tionally by Figure 4.10, Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA# input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 

Once a bus cycle is in progress and the current ad- 
dress and status has been valid for one entire bus 
state, the NA# input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 
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Bus States: 

T1 —first clock of a non-pipelined bus cycle (80376 drives new address, status and asserts ADS#). 

T2 — subsequent clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle. 

T2I— subsequent clocks of a bus cycle when NA# has been sampled asserted in the current bus cycle but there is not 

yet an internal bus request pending (80376 will not drive new address, status or assert ADS#). 

T2P— subsequent clocks of a bus cycle when NA# has been sampled asserted in the current bus cycle and there is an 

internal bus request pending (80376 drives new address, status and asserts ADS #). 

T1 P— first clock of a pipelined bus cycle. 

Ti— idle state. 

Th— hold acknowledge state (80376 asserts HLDA). 

Asserting NA# for pipelined bus cycles gives access to three more bus states: T2I, T2P and T1P. 

Using pipelining the fastest bus cycle consists of T1 P and T2P. 



Figure 4.12. 80376 Processor Complete Bus States (Including Pipelining) 
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Sampling begins in T2 during Cycle 1 in Figure 4.10. 
Once NA# is sampled active during the current cy- 
cle, the 80376 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 4.10, Cycle 1 for example, the next 
address and status is driven during state T2P. Thus 
Cycle 1 makes the transition to pipelined timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1P. Cycle 2 begins as soon as 
READY # asserted terminates Cycle 1. 

Examples of transition bus cycles are Figure 4.10, 
Cycle 1 and Figure 4.9, Cycle 2. Figure 4.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 4.9, Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (NA# is assert- 
ed at that time), and T2P (provided the 80376 has an 
internal bus request already pending, which it almost 
always has). T2P states are repeated if wait states 
are added to the cycle. 

Note that only three states (T1, T2 and T2P) are 
required in a bus cycle performing a transition from 
non-pipelined into pipelined timing, for example Fig- 
ure 4.10, Cycle 1. Figure 4.10, Cycles 2, 3 and 4 
show that pipelining can be maintained with two- 
state bus cycles consisting only of T1 P and T2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the 80376 enters T2P dur- 
ing the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS#. Figures 4.9 and 4.10 however, each show 



pipelining ending after Cycle 4 because Cycle 4 
ends in T2I. This indicates the 80376 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T2I, the next 
cycle will not be pipelined. 

Realistically, pipelining is almost always maintained 
as long as NA# is sampled asserted. This is so be- 
cause in the absence of any other request, a code 
prefetch request is always internally pending until 
the instruction decoder and code prefetch queue are 
completely full. Therefore pipelining is maintained 
for long bursts of bus cycles, if the bus is available 
(i.e., HOLD inactive) and NA# is sampled active in 
each of the bus cycles. 

INTERRUPT ACKNOWLEDGE (INTA) CYCLES 

In repsonse to an interrupt request on the INTR in- 
put when interrupts are enabled, the 80376 performs 
two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig- 
nals define the type of bus activity taking place, and 
each cycle continues until acknowledged by 
READY # sampled active. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A23-A3, A 1f BLE# LOW, A 2 and BHE# HIGH). 
The byte address driven during the second interrupt 
acknowledge cycle is (A23-AL BLE# LOW and 
BHE# HIGH). 

The LOCK# output is asserted from the beginning 
of the first interrupt acknowledge cycle until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states, Tj, are inserted by the 80376 between 
the two interrupt acknowledge cycles for compatibil- 
ity with the interrupt specification Trhrl of the 
8259A Interrupt Controller and the 82370 Integrated 
Peripheral. 
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Interrupt Vector (0-255) is read on D0-D7 at end of second Interrupt Acknowledge bus cycle. 

Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA# has no practical effect. 

Choose the approach which is simplest for your system hardware design. 



Figure 4.13. Interrupt Acknowledge Cycles 



During both interrupt acknowledge cycles, Di 5- Do 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter- 
rupt acknowledge cycle, the 80376 will read an ex- 
ternal interrupt vector from D7-D0 of the data bus. 
The vector indicates the specific interrupt number 
(from 0-255) requiring service. 



HALT INDICATION CYCLE 

The 80376 execution unit halts as a result of execut- 
ing a HLT instruction. Signaling its entrance into the 
halt state, a halt indication cycle is performed. The 
halt indication cycle is identified by the state of the 
bus definition signals shown on page 34, Bus Cycle 
Definition Signals, and a byte address of 2. The 
halt indication cycle must be acknowledged by 
READY # asserted. A halted 80376 resumes execu- 
tion when INTR (if interrupts are enabled), NMI or 
RESET is asserted. 
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Figure 4.14. Example Halt Indication Cycle from Non-Pipelined Cycle 



SHUTDOWN INDICATION CYCLE 

The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig- 
naling its entrance into the shutdown state, a shut- 
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown on page 34 Bus Cycle Def- 
inition Signals and a byte address of 0. The shut- 
down indication cycle must be acknowledged by 
READY # asserted. A shutdown 80376 resumes ex- 
ecution when NMI or RESET is asserted. 



ENTERING AND EXITING HOLD 
ACKNOWLEDGE 

The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac- 
knowledge state, all inputs except HOLD and RE- 
SET are ignored. 



4-755 



irrteT 



80376 



Ai»i©i ONPQRBSIAirD^IKI 



CYCLE 1 

PIPELINED 

(READ) 



CLK2 



PROCESSOR CLK 



BHE#r 
M/IQ#, W/R#L 

BLE#, A1-A23.T 



C _"UT."Ul"LTL"LJI"LrLimiI"Ln. 



T1P 



VALID 1 



r 



VALID 1 



T2P 



CYCLE 2 

PIPELINED 

(SHUTDOWN) 



T1P 



T2I 



IDLE 



mwmwz 



V 



80376 RESPONDS TO 
HOLD INPUT WHILE IN 
THE SHUTDOWN STATE. 



D/C# 
ADS#[ 

READY# £ 



mm. 



LOQK#[~ "" X. ■ V4 ID 1 f VALID 2 



D0-D15 



mm 



/bsbeeeb 



. 80376 PROCESSOR REMAINS 
SHUTDOWN UNTIL NMI OR 
'RESET IS ASSERTED. 



mwmzw 



NOTE: SHUTDOWN CYCLE MUST BE 
ACKNOWLEDGED BY READY# 
ASSERTED. WAIT STATES MAY 
BE ADDED TO THE CYCLE IF 
DESIRED. 



[Cp-— <]»]>-< 



^WmZMZMZ 



UNDEFINED ) » - -(FLOATING) 



240182-30 



Figure 4.15. Example Shutdown Indication Cycle from Non-Pipelined Cycle 



Th may be entered from a bus idle state as in Figure 
4.16 or after the acknowledgement of the current 
physical bus cyple if the LOCK# signal is not assert- 
ed, as in Figures 4.17 and 4.18. 

Th is exited in response to the HOLD input being 
negated. The following state will be T-, as in Figure 
4.16 if no bus request is pending. The following bus 



state will be T1 if a bus request is internally pending, 
as in Figures 4.17 and 4.18. Th is exited in response 
to RESET being asserted. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Th is exit- 
ed unless the 80376 is reset before Tf, is exited. 



4-756 



iiteT 



80376 



ADWAKKCB 0MF®(^1M1ATB©M 



IDLE 



HOLD 
"ACKNOWLEDGE" 



CLK2[ 
PROCESSOR CLKf 



hold£ 

HLDA^ 



-_^ 



BHE#, BLE# r UiaaaJ l 
A1-A23.M^O#[ X XXXX > — 



D/C#. W/R# 

ADS#[ 



UIUIULULITL 



r 



iwzmzmzmzm 



iw mmw m&w 



NA#[ 
READY#[ 

L 0CK#[ SZZ^ — I 
DO- D15 [ 



Th 



V--. 



Th 



Th 



IDLE 



^ 



^ 



(FLOATING)-" 
(FLOATING)—-/ 



(FLOATING)- 

I 

(FLOATING)^ 



■(S2 



-cm 



240182-31 



NOTE: 

For maximum design flexibility the 80376 has no internal pull-up resistors on its outputs. Your design may require an 
external pullup on ADS# and other 80376 outputs to keep them negated during float periods. 



Figure 4.16. Requesting Hold from Idle Bus 



RESET DURING HOLD ACKNOWLEDGE 

RESET being asserted takes priority over HOLD be- 
ing asserted. If RESET is asserted while HOLD re- 
mains asserted, the 80376 drives its pins to defined 
states during reset, as in Table 4.5, Pin State Dur- 
ing Reset, and performs internal reset activity as 
usual. 

If HOLD remains asserted when RESET is inactive, 
the 80376 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80376 processor would other- 



wise perform its first bus cycle. If HOLD remains as- 
serted when RESET is inactive, the BUSY# input is 
still sampled as usual to determine whether a self 
test is being requested. 

BUS ACTIVITY DURING AND FOLLOWING 
RESET 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert- 
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 
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NOTE: 

HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 



Figure 4.17. Requesting Hold from Active Bus (NA# Inactive) 



RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
80376, and at least 80 CLK2 periods if a 80376 self- 
test is going to be requested at the falling edge. RE- 
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 80 CLK2 



periods followed by a self-test may cause the self- 
test to report a failure when no true failure exists. 

Provided the RESET falling edge meets setup and 
hold times t.25 and t26, the internal processor clock 
phase is defined at that time as illustrated by Figure 
4.19 and Figure 6.7. 
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NOTE: 

HOLD is a synchronous" input and can be asserted at any CLK2 edge, provided setup and hold (t23 and ^ require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 



Figure 4.18. Requesting Hold from Idle Bus (NA# Active) 



An 80376 self-test may be requested at the time RE- 
SET goes inactive by having the BUSY# input at a 
LOW level as shown in Figure 4.19. The self-test 
requires (2 2( > + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 



problem, the 80376 attempts to proceed with the 
reset sequence afterwards. 

After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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NOTES: 

1. BUSY# should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 

2. If self-test is requested, the 80376 outputs remain in their reset state as shown here. 



Figure 4.19. Bus Activity from Reset until First Code Fetch 



4.5 Self-Test Signature 

Upon completion of self-test (if self-test was re- 
quested by driving BUSY# LOW at the falling edge 
of RESET) the EAX register will contain a signature 
of 00000000H indicating the 80376 passed its self- 
test of microcode and major PLA contents with no 
problems detected. The passing signature in EAX, 
00000000H, applies to all 80376 revision levels. Any 
non-zero signature indicates the 80376 unit is faulty. 



4.6 Component and Revision 
Identifiers 

To assist 80376 users, the 80376 after reset holds a 
component identifier and revision identifier in its DX 
register. The upper 8 bits of DX hold 33H as identifi- 
cation of the 80376 component. (The lower nibble, 
03H, refers to the lntel386TM architecture. The up- 
per nibble, 30H, refers to the third member of the 
Intel386 family). The lower 8 bits of DX hold an 
8-bit unsigned binary number related to the 
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component revision level. The revision identifier will, 
in general, chronologically track those component 
stoppings which are intended to have certain im- 
provements or distinction from previous stoppings. 
The 80376 revision identifier will track that of the 
80386 where possible. 

The revision identifier is intended to assist 80376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to change with ev- 
ery stepping revision, or to follow a completely uni- 
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re- 
quired to be changed. Intel has sole discretion over 
these characteristics of the component. 

Table 4.7. Component and 
Revision Identifier History 



80376 Stepping Name 


Revision Identifier 


A0 


05H 



4.7 Coprocessor Interfacing 

The 80376 provides an automatic interface for the 
Intel 80387SX numeric floating-point coprocessor. 
The 80387SX coprocessor uses an I/O mapped in- 
terface driven automatically by the 80376 and as- 
sisted by three dedicated signals: BUSY#, ER- 
ROR # and PEREQ. 



ERROR # inputs of the 80376 may also be used for 
the custom coprocessor interface, if such hardware 
assist is desired. These signals can be tested by the 
80376 WAIT opcode (9BH). The WAIT instruction 
will wait until the BUSY# input is inactive (interrupta- 
ble by an NMI or enabled INTR input), but generates 
an exception 16 fault if the ERROR # pin is active 
when the BUSY# goes (or is) inactive. If the custom 
coprocessor interface is memory-mapped, protec- 
tion of the addresses used for the interface can be 
provided with the segmentation mechanism of the 
80376. If the custom interface is l/O-mapped, pro- 
tection of the interface can be provided with the 
80376 IOPL (I/O Privilege Level) mechanism. 

The 80387SX numeric coprocessor interface is I/O 
mapped as shown in Table 4.8. Note that the 
80387SX coprocessor interface addresses are be- 
yond the 0H-0FFFFH range for programmed I/O. 
When the 80376 supports the 80387SX coproces- 
sor, the 80376 automatically generates bus cycles to 
the coprocessor interface addresses. 

Table 4.8 Numeric Coprocessor Port Addresses 



Address in 80376 
I/O Space 


80387SX 
Coprocessor Register 


8000F8H 
8000FCH 
8000FEH 


Opcode Register 
Operand Register 
Operand Register 



As the 80376 begins supporting a coprocessor in- 
struction, it tests the BUSY # and ERROR # signals 
to determine if the coprocessor can accept its next 
instruction. Thus, the BUSY# and ERROR # inputs 
eliminate the need for any "preamble" bus cycles 
for communication between processor and coproc- 
essor. The 80387SX can be given its command op- 
code immediately. The dedicated signals provide in- 
struction synchronization, and eliminate the need of 
using the 80376 WAIT opcode (9BH) for 80387SX 
instruction synchronization (the WAIT opcode was 
required when the 8086 or 8088 was used with the 
8087 coprocessor). 

Custom coprocessors can be included in 80376 
based systems by memory-mapped or l/O-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". Instead, 
memory-mapped or l/O-mapped interfaces may use 
all applicable 80376 instructions for high-speed co- 
processor communication. The BUSY# and 



SOFTWARE TESTING FOR COPROCESSOR 
PRESENCE 

When software is used to test coprocessor 
(80387SX) presence, it should use only the following 
coprocessor opcodes: FN I NIT, FNSTCW and 
FNSTSW. To use other coprocessor opcodes when 
a coprocessor is known to be not present, first set 
EM = 1 in the 80376 CR0 register. 



5.0 PACKAGE THERMAL 
SPECIFICATIONS 

The Intel 80376 embedded processor is specified 
for operation when case temperature is within the 
range of 0°C-115°C for the ceramic 88-pin PGA 
package, and 0°C-110°C for the 100-pin plastic 
package. The case temperature may be measured 
in any environment, to determine whether the 80376 
is within specified operating range. The case tem- 
perature should be measured at the center of the 
top surface. 
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The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 
calculated from the B\ c and 0j a from the following 
equations: 

Tj = T c + P*0 jc 
T A = Tj - P*0 ja 
T C = T a + P*[0ja-^jc] 

Values for 0j a and $ ]C are given in Table 5.1 for the 
100-lead fine pitch. 0j a is given at various airflows. 
Table 5.2 shows the maximum T a allowable (without 
exceeding T c j at various airflows. Note that T a can 
be improved further by attaching "fins" or a "heat 
sink" to. the package. P is calculated using the maxi- 
mum hot l cc . 

Table 5. 1 . 80376 Package Thermal 

Characteristics Thermal Resistances 

(°C/ Watt) 0j C and ja 



Package 


0jc 


0j a Versus Airf low-f t/min (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


100-Lead 
Fine Pitch 


7 


33 


27 


24 


21 


18 


17 


88-Pin 
PGA 


2 


25 


20 


17 


14 


12 


11 



Assuming Ice hot of 360 mA, Vcc of 5.0V, and a 
Tcase of 1 10°C for plastic and 1 15°C for the 88-Pin 
PGA Package: 

Table 5.2. 80376 

Maximum Allowable Ambient 

Temperature at Various Airf lows 



Package 


0jc 


Ta(°C) vs Airf low-ft/min (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


100-Lead 
Fine Pitch 


7 


63 


74 


79 


85 


91 


92 


88-Pin 
PGA 


2 


74 


83 


88 


93 


97 


99 



6.0 ELECTRICAL SPECIFICATIONS 

The following sections describe recommended elec- 
trical connections for the 80376, and its electrical 
specifications. 



6.1 Power and Grounding 

The 80376 is implemented in CHMOS III technology 
and has modest power requirements. However, its 
high clock frequency and 47 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 Vcc and 18 Vss pins separate- 
ly feed functional units of the 80376. 

Power and ground connections must be made to all 
external Vcc and GN & P'ns of the 80376. On the 
circuit board, all Vcc P'ns should be connected on a 
Vcc Plane and all Vss P j ns should be connected on 
a GND plane. 



POWER DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitors should be placed near 
the 80376. The 80376 driving its 24-bit address bus 
and 16-bit data bus at high frequencies can cause 
transient power surges, particularly when driving 
large capacitive loads. Low inductance capacitors 
and interconnects are recommended for best high 
frequency electrical performance. Inductance can 
be reduced by shortening circuit board traces be- 
tween the 80376 and decoupling capacitors as 
much as possible. 



RESISTOR RECOMMENDATIONS 

The ERROR # and BUSY# inputs have internal pull- 
up resistors of approximately 20 KH and the PEREQ 
input has an internal pull-down resistor of approxi- 
mately 20 Kft built into the 80376 to keep these 
signals inactive when the 80387SX is not present in 
the system (or temporarily removed from its socket). 
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In typical designs, the external pull-up resistors 
shown in Table 6.1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 

Table 6.1. Recommended 
Resistor Pull-Ups to Vcc 



Pin 


Signal 


Pull-Up Value 


Purpose 


16 


ADS# 


20 KH ± 10% 


Lightly Pull ADS# 
Inactive during 80376 
Hold Acknowledge 
States 


26 


LOCK# 


20 KH ± 10% 


Lightly Pull LOCK# 
Inactive during 80376 
Hold Acknowledge 
States 



OTHER CONNECTION RECOMMENDATIONS 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. N/C pins should 
always remain unconnected. Connection of N/C 
pins to Vqc or V$s will result in incompatibility 
with future stoppings of the 80376. 

Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri- 
ous activity by connecting these associated inputs to 
GND: 



If not using address pipelining connect the NA# pin 
to a pull-up resistor in the range of 20 Kil to Vcc- 

6.2 Absolute Maximum Ratings 
Table 6.2. Maximum Ratings 



Parameter 


Maximum Rating 


Storage Temperature 


-65°Cto+150°C 


Case Temperature 
under Bias 


-65°CtO+120°C 


Supply Voltage with 
Respect to Vss 


- 0.5V to + 6.5V 


Voltage on Other Pins 


-0.5Vto(V C c + 0.5)V 



Table 6.2 gives a stress ratings only, and functional 
operation at the maximums is not guaranteed. Func- 
tional operating conditions are given in Section 6.3, 
D.C. Specifications, and Section 6.4, A.C. Specifi- 
cations. 

Extended exposure to the Maximum Ratings may af- 
fect device reliability. Furthermore, although the 
80376 contains protective circuitry to resist damage 
from static electric discharge, always take precau- 
tions to avoid high static voltages or electric fields. 



— INTR 
— NMI 
—HOLD 
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6.3 D.C. Specif ications 

ADVANCE INFORMATION SUBJECT TO CHANGE 

Table 6.3: 80376 D.C. Characteristics 

Functional Operating Range: V<x = 5V ±10%; Tcase = 0°C to 115°C 88-pin PGA, Tqase 
100-pin plastic 



o Cto110°C 



Symbol 



Parameter 




V|L 



Input LOW Voltage 



V| H 



Input HIGH Voltage 



Vilc 



CLK2 Input LOW Voltage 



Vihc 



CLK2 Input HIGH Voltage 



Vol 



Output LOW Voltage 



Iql = 4 mA: 



Aas-A^D^-Do 



Iql = 5 mA: 



BHE#,BLE#,W/R#, 

D/C#,M/IO#,LOCK# 

ADS#,HLDA 



Voh 



Output High Voltage 



Iqh = -1 mA: 



A23-Al,D 15 -D 



Iqh =* -0.2 mA: 



A23-A 1 ,D 15 -Do 



Iqh = -0.9 mA: 



BHE#,BLE#,W^ 
D/C#, M/IO#, 
ADS#,HLQ 



Iqh = -0.18 mA: 



•LI 



l|H 



jaA.ViH = 2.4V0.2) 



IlL 



Input Leakage Current 
(Busy# and ERROR# Pins) 



-400 



juA, V| L = 0.45VO) 



•lo 



Output Leakage Current 



±15 



jmA, 0.45V ^VouT^Vcd 1 ) 



•cc 



Supply Current 
at HOT 



400 
360 



mA(4) 
mA< 6 ) 



C|N 



Input Capacitance 



10 



pF, F c = 1 MHz(5) 



Gout 



Output or I/O Capacitance 



12 



pF, F c = 1 MHz(5) 



CcLK 



CLK2 Capacitance 



20 



pF, F c = 1 MHz(5) 



NOTES: 

1 . Tested at the minimum operating frequency of the part. 

2. PEREQ input has an internal pull-down resistor. 

3. BUSY# and ERROR # inputs each have an internal pull-up resistor. 

4. Ice max measurement at worse case frequency, Vqc and temperature (0°C). 

5. Not 100% tested. 

6. Ice HOT max measurement at worse case frequency, Vcc and max temperature. 
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The A.C. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela- 
tive to the CLK2 rising edge crossing the 2.0V level. 

A.C. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi- 
cated by Figure 6.1 when A.C. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times are hold times pro- 
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 



smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 

Outputs NA#, W/R#, D/C#, M/IO#, LOCK#, 
BHE#, BLE#, A23-A1 and HLDA only change at 
the beginning of phase one. D15-D0 (write cycles) 
only change at the beginning of phase two. The 
READY#, HOLD, BUSY#, ERROR#, PEREQ and 
D15-D0 (read cycles) inputs are sampled at the be- 
ginning of phase one. The NA#, INTR and N Ml in- 
puts are sampled at the beginning of phase two. 



CLK2I 



OUTPUTS . 



lj^^S^^^\ 



-®- 



NOTE 2 



(A1 
A 
W/R#,L0CK#,HLDA) 



,1-A23,BHE#,BLE#,| VALID ^\\\\\\>7" 

ADS#,M/.0#,D/C # , 0U V T A p L i D Tn ^ V )^CS^<* 1J 

V/R#.LOCK*.HLDA> I— ^ ^ ^ ^ ^ 



© 



OUTPUTS I 
(D0-D15)l 



inputs r 

(NA#,INTR,NMI) I 



INPUTS 
(READY#,HOLD, | 
ERROR#,BUSY#, I 
PEREQ,D0-D15)L. 



LEGEND: 

A— Maximum Output Delay Spec. 
B— Minimum Output Delay Spec. 
C— Minimum Input Setup Spec. 
D— Minimum Input Hold Spec. 
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Figure 6.1. Drive Levels and Measurement Points for A.C. Specifications 
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6.4 A.C. Specifications 



ADVANCE INFORMATION SUBJECT TO CHANGE 

Table 6.4. 80376 A.C. Characteristics at 16 MHz 

Functional Operating Range: Vcg = 5V ±10%; Tqase = 0°C to 115°G for 88-pin PGA, 0°C to 110°C for 
100-pin plastic 



Symbol 



Parameter 



Min Max Unit Figure 




Operating Frequency 



CLK2 Period 



31 



*2a 



t2b 



t3a 



t3b 



t 5 



A. 
t8 



CLK2 HIGH Time 



CLK2 HIGH Time 



CLK2 LOW Time 



CLK2 LOW Time 



CLK2 Fall Time 



CLK2 Rise Time 



A23-A1 Valid Delay 



A23-A1 Float Delay 



BHE#,BLE#,LOCK# 
Valid Delay 




BHE#,BLE#,LOCK# 
Float Delay 




VST 



ns 



ns 



6.6 



6.5 



6.6 



6.5 



6.6 



6.6 



C L = 75 pFH) 



0) 



Cl = 75 pF(4) 



(D 



C L = 120pF(4) 



(D 



C L = 75 pF(4) 



tl5 



NA# Setup Time 



6.4 



tl6 



NA# Hold Time 



21 



6.6 



tl9 



READY # Setup Time 



19 



6.4 



*20 



READY # Hold Time 



6.4 



t 2 l 



Setup Time D1.5-.D0 Read Data 



ns 



6.4 



<22 



Hold Time D'15-bo Read Data 



ns 



6.4 



^23 



HOLD Setup Time 



26 



ns 



6.4 



t 2 4 



HOLD Hold Time 



ns 



6.4 



t 2 5 



RESET Setup Time 



13 



ns 



6.7 



t26 



RESET Hold Time 



ns 



6.7 



NOTE: 

The 80376 does not have t-17 or t^ timing specifications. 
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Table 6.4. 80376 A.C. Characteristics at 16 MHz 

Functional Operating Range: Vcc = 5V ±10%; Tcase = 0°C to 115°C for 80-pin PGA, 0°C to 110°C for 
100-pin plastic (Continued) 



Symbol 



Parameter 



Min 



Unit 



Figure 



Notes 



t27 



NMIJNTR Setup Time 



16 



*ns 



6.4 



(2) 



t28 



NMI, INTR Hold Time 



16 



t29 



PEREQ, ERROR #, BUSY # 
Setup Time 






j£- 



ns 



6.4 



(2) 



ns 



6.4 



(2) 



g 



7^- 



t30 



PEREQ, ERROR #, BUSY # t 
Hold Time ,r! 



ns 



6.4 



(2) 



ecomes less than Ilo in magnitude. Float delay is not 100% 



NOTES: 4? 

1. Float condition occurs when maximunlSSpi 
tested. f^I 

2. These inputs are allowed to be asyncnro^^to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLtf|p^riod. 

3. These are not tested. They are guaranteed by design characterization. 

4. Tested with C|_ set to 50 pF and derated to support the indicated distributed capacitive load. See Figure 6.8 for the 
capacitive derating curve. 
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Figure 6.2. A.C. Test Loads 
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Figure 6.3. CLK2 Waveform 
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Figure 6.4. A.C. Timing Waveforms— Input Setup and Hold Timing 
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Figure 6.5. A.C. Timing Waveforms— Output Valid Deiay Timing 
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Figure 6.6. A.C. Timing Waveforms— Output Float Delay and HLDA Valid Delay Timing 
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The second internal processor phase following RESET high-to-low transition (provided t25 and t26 are met) is <l>2. 



Figure 6.7. A.C. Timing Waveforms— RESET Setup and Hold Timing, and Internal Phase 
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Figure 6.8. Capacitive Derating Curve 
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Figure 6.10. TTL Level Slew 
Rates for Output Buffers 
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Figure 6.9. CMOS Level Slew 
Rates for Output Buffers 
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6.5 Designing for ICETM-376 Emulator 
(Advanced Data) 

The 376 embedded processor in-circuit emulator 
product is the ICE-376 emulator. Use of the emula- 
tor requires the target system to provide a socket 
that is compatible with the ICE-376 emulator. The 
80376 offers two different probes for emulating user 
systems: an 88-pin PGA probe and a 100-pin fine 
pitch flat-pack probe. The 100-pin fine pitch flat- 
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3-M text-tool (part 
number 2-0100-07243-000). The ICE-376 emulator 
probe attaches to the target system via an adapter 
which replaces the 80376 component in the target 
system. Because of the high operating frequency of 
80376 systems and of the ICE-376 emulator, there is 
no buffering between the 80376 emulation proces- 
sor in the ICE-376 emulator probe and the target 
system. A direct result of the non-buffered intercon- 
nect is that the ICE-376 emulator shares the ad- 
dress and data bus with the user's system, and the 
RESET signal is intercepted by the ICE emulator 
hardware. In order for the ICE-376 emulator to be 
functional in the user's system without the Optional 
Isolation Board (OIB) the designer must be aware of 
the following conditions: 

1. The bus controller must only enable data trans- 
ceivers onto the data bus during valid read cycles 
of the 80376, other local devices or other bus 
masters. 

2. Before another bus master drives the local proc- 
essor address bus, the other master must gain 
controlof the address bus by asserting HOLD and 
receiving the HLDA response. 



3. The emulation processor receives the RESET sig- 
nal 2 or 4 CLK2 cycles later than an 80376 would, 
and responds to RESET later. Correct phase of 
the response is guaranteed. 

In addition to the above considerations, the ICE-376 
emulator processor module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the 80376 sys- 
tem. 

Capacltive Loading: ICE-376 adds up to 27 pF to 
each 80376 signal. 

Drive Requirements: ICE-376 adds one FAST TTL 
load on the CLK2, control, address, and data lines. 
These loads are within the processor module and 
are driven by the 80376 emulation processor, which 
has standard drive and loading capability listed in 
Tables 6.3 and 6.4. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-376 emulator 
processor module is powered by the user system. 
The circuitry on the processor module draws up to 
1.4A including the maximum 80376 Ice from the 
user 80376 socket. 

80376 Location and Orientation: The ICE-376 em- 
ulator processor module may require lateral clear- 
ance. Figure 6.12 shows the clearance requirements 
of the iMP adapter and Figure 6.13 shows the clear- 
ance requirements of the 88-pin PGA adapter. The 
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Figure 6.12. Preliminary ICETM-376 Emulator User Cable with PQFP Adapter 
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Figure 6.13. Preliminary ICEtm-376 Emulator User Cable with 88-Pin PGA Adapter 



optional isolation board (OIB), which provides extra 
electrical buffering and has the same lateral clear- 
ance requirements as Figures 6.12 and 6.13, adds 
an additional 0.5 inches to the vertical clearance re- 
quirement. This is illustrated in Figure 6.14. 

Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered probe de- 
sign, the ICE-376 emulator is susceptible to errors 



on the user's bus. The OIB allows the ICE-376 emu- 
lator to function in user systems with faults (shorted 
signals, etc.). After electrical verification the OIB 
may be removed. When the OIB is installed, the user 
system must have a maximum CLK2 frequency of 20 
MHz. 
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Figure 6.14. Preliminary ICEtm-376 Emulator User Cable with OIB and PQFP Adapter 
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7.0 DIFFERENCES BETWEEN THE 
80376 AND THE 80386 

The following are the major differences between the 
80376 and the 80386. 

1. The 80376 generates byte selects on BHE# and 
BLE# (like the 8086 and 80286 microprocessors) 
to distinguish the upper and lower bytes on its 
16-bit data bus. The 80386 uses four-byte selects, 
BE0#-BE3#, to distinguish between the differ- 
ent bytes on its 32-bit bus. 

2. The 80376 has no bus sizing option. The 80386 
can select between either a 32-bit bus or a 16-bit 
bus by use of the BS16# input. The 80376 has a 
1 6-bit bus size. 

3. The NA# pin operation in the 80376 is identical to 
that of the NA# pin on the 80386 with one excep- 
tion: the NA# pin of the 80386 cannot be activat- 
ed on 16-bit bus cycles (where BS16# is LOW in 
the 80386 case), whereas NA# can be activated 
on any 80376 bus cycle. 

A, The contents of all 80376 registers at reset are 
identical to the contents of the 80386 registers at 
reset, except the DX register. The OX register 
contains a component-stepping identifier at reset, 
i.e. 

in 80386, after reset DH = 3 indicates 80386 
DL = revision number; 

in 80376, after reset OH = 33H indicates 80376 
DL = revision number. 

5. The 80386 uses A 3i and M/IO# as a select 
for numerics coprocessor. The 80376 uses the 
A23 and M/IO# to select its numerics coproc- 
essor. 

6. The 80386 prefetch unit fetches code in four- 
byte units. The 80376 prefetch unit reads two 



bytes as one unit (like the 80286 microproces- 
sor). In BS16# mode, the 80386 takes two con- 
secutive bus cycles to complete a prefetch re- 
quest. If there is a data read or write request after 
the prefetch starts, the 80386 will fetch all four 
bytes before addressing the new request. 

7. The 80376 has no paging mechanism. 

8. The 80376 starts executing code in what corre- 
sponds to the 80386 protected mode. The 80386 
starts execution in real mode, which is then used 
to enter protected mode. 

9. The 80386 has a virtual-86 mode that allows the 
execution of a real mode 8086 program as a task 
in protected mode. The 80376 has no virtual-86 
mode. 

10. The 80386 maps a 48-bit logical address into a 
32-bit physical address by segmentation and 
paging. The 80376 maps its 48-bit logical ad- 
dress into a 24-bit physical address by segmen- 
tation only. 

11. The 80376 uses the 80387SX numerics coproc- 
essor for floating point operations, while the 
80386 uses the 80387 coprocessor. 

12. The 80386 can execute from 16-bit code seg- 
ments. The 80376 can only execute from 32-bit 
code Segments. 



8.0 INSTRUCTION SET 

This section describes the 376 embedded processor 
instruction set. Table 8.1 lists all instructions along 
with instruction encoding diagrams and clock 
counts, Further details of the instruction encoding 
are then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within 80376 instruc- 
tions. 



8.1 80376 Instruction Encoding and 
Clock Count Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8.1 be- 
low, by the processor clock period (e.g. 62.5 ns for 
an 80376 operating at 16 MHz). The actual clock 
count of an 80376 program will average 10% more 
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than the calculated clock count due to instruction 
sequences which execute faster than they can be 
fetched from memory. 

Instruction Clock Count Assumptions: 

1 . The instruction has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor acess to the bus. 

4. No exceptions are detected during instruction ex- 
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts showns. However, if the effec- 
tive address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

6. Memory reference instruction accesses byte or 
aligned 16-bit operands. 

Instruction Clock Count Notation 

— »• If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 



— n = number of times repeated. 

— m = number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts as one component, the entire im- 
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre- 
fixes) each count as one component. 

Misaligned or 32-Bit Operand Accesses: 

— If instructions accesses a misaligned 16-bit oper- 
and or 32-bit operand on even address add: 

2* clocks for read or write. 

4** clocks for read and write. 

— If instructions accesses a 32-bit operand on odd 
address add: 

4* clocks for read or write. 

8** clocks for read and write. 

Wait States: 

Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 8.1. 80376 Instruction Set Clock Count Summary 



Instruction 



Clock 
Counts 



Number 
of Data 
Cycles 



GENERAL DATA TRANSFER 
MOV- Move- 
Register to Register/Memory 

Register/ Memory to Register 

Immediate to Register/Memory 

Immediate to Register (Short Form) 

Memory to Accumulator (Short Form) 

Accumulator to Memory (Short Form) 

Register/Memory to Segment Register 

Segment Register to Register/Memory 

MOVSX = Move with Sign Extension 

Register from Register/ Memory 

MOVZX = Move with Zero Extension 

Register from Register/ Memory 
PUSH = Push: 
Register/Memory 

Register (Short Form) 

Segment Register (ES, CS, SS or DS) 

Segment Register (FS or GS) 

Immediate 
PUSHA = Push All 

POP = POP * 

Register/Memory 

Register (Short Form) 

Segment Register (ES, SS or DS) 

Segment Register (FS or GS) 

POPA = Pop All 
XCHG = Exchange 

Register/Memory with Register 
Register with Accumulator (Short Form) 
IN = Input from: 
Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 



LEA = Load EA to Register 



1 0001 OOw J modreg r/m 
i 1 1 w | mod reg r/m 



1 1 1 1 w mod r/m immediate data 



| sreg 2 1 1 1 | 




|00001111 [10 sreg 3 1 | 




|_ 01 100001 | 




| 1 1 1 w I mod reg r/m | 




J 10 010 reg I 




I 1 1 1 1 w I port number | 




| 1 1 101 10w | 




| 1 1 1 1 1 w | port number J 




| 1 1 1 1 1 1 w | 




| 10 01101 I mod reg r/m | 



2/2*- 
2/4* 




7/9* 
6 
25 
25 
40 

3/5** 
3 

6* 
26* 
7* 
27* 

4* 
24* 

5* 
26* 



2/4* 


a 


2 


a 


2 ^ , ; 


a 


2 


a 


2 


a 


16 


a 


2/4* 


a 


2 


a 


6 


a, b, c 


6 


a,b, c 


16 


a 


0/2** 


a, m 







1* 


f,k 


1* 


f,l 


1* 
1* 


f,k 


1* 


f,k 


1* 


f,l 


1* 


f,k 


1* 


f,l 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 


Format 






Clock 
Counts 


Number 
of Data 
Cycles 


Notes 


SEGMENT CONTROL 

LDS = Load Pointer to DS 

LES = Load Pointer to ES 

LFS = Load Pointer to FS 

LGS = Load Pointer to GS 

LSS = Load Pointer to SS 

FLAG CONTROL 

CLC = Clear Carry Flag 

CLD = Clear Direction Flag 

CLI = Clear Interrupt Enable Flag 

CLTS = Clear Task Switched Flag 

CMC = Complement Carry Flag 

LAHF = Load AH into Flag 

POPF = Pop Flags 

PUSHF = Push Flags 

SAHF = Store AH into Flags 

STC = Set Carry Flag 

STD = Set Direction Flag | 

STI = Set Interrupt Enable Fla <yll|^ 

ARITHMETIC #5^ 
ADD = Add «► 

Register to Register . ** v j#| 

Register to Memory iS^ 

Memory to Register '*& 

Immediate to Register/Memory 

Immediate to Accumulator (Short Form) 

ADC = Add with Carry 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

Immediate to Accumulator (Short Form) 

INC = Increment 
Register/ Memory 

Register (Short Form) 

SUB = Subtract 

Register from Register 








26* 
26* 

W 2 

5 
4 
3 
2 
2 
8 

2 

7** 

6* 

2/7** 

2 

2 

7** 

6* 

2/7** 

2 

2/6** 
2 

2 


6* 
6* 
6* 

2** 

1* . 

0/2** 

2** 

1* 

0/2** 

0/2** 


a, b, c 
a, b, c 
a,b, c 
a, b, c 
a, b, c 

f 
e 

a,g 
a 

f 

a 
a 
a 

a 
a 
a 

a 


1 1000101 


mod reg r/m | 






1 1000100 


mod reg r/m | 






00001 1 1 1 


1011010 I mod reg 


r/m | 






00001 1 1 1 


10110101 | mod reg 


r/m | 


00001 1 1 1 


10110 010 J mod reg 


r/m | 




^lifr^ 


3 data 
a data 


1111 1000 




1 1 1 1 1 100 




11111010 




0.0 01 1.1 1 


oooooi, *0 


11110101 






1001 1111 




1001 1 101 


10 011 1jyp 




lOOULmpi 


u IBf! 1 


> yri 1 ojj 


^|jf000dw 


mod reg r/m j 


Pooooooow 


mod reg r/m | 






0000001W 


mod reg r/m | 






1 OOOOOsw 


mod r/m 1 immediat 




immediate data 


0000010W 




000100dw 


mod reg r/m j 






0001000W 


mod reg r/m | 






0001001 w 


mod reg r/m | 






1 OOOOOsw 


mod 010 r/m | immediat 




immediate data 


000101 Ow 




1 1 1 1 1 1 1 w 


mod r/m | 






010 reg 




001010dw 


mod reg r/m | 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 


Format 


Clock 
Counts 


Number 
Of Data 
Cycles 


Notes 


ARITHMETIC (Continued) 

Register from Memory 

Memory from Register 

Immediate from Register/Memory 

Immediate from Accumulator (Short Form) 

SBB = Subtract with Borrow 

Register from Register 

Register from Memory 

Memory from Register 

Immediate from Register/ Memory 

Immediate from Accumulator (Short Form) 

DEC = Decrement 

Register/ Memory 

Register (Short Form) 

CMP = Compare 

Register with Register 

Memory with Register 

Register with Memory ^ 

Immediate with Register/Memory 4fJ|k 

Immediate with Accumulator ( Sn ^||P%|) 

NEG = Change Sign «|r 

AAA = ASCII Adjust f£ AddV a^J 

AAS = ASCII Adjust for Subtrac U»^^P 

DAA = Decimal Adjust for Add^S 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

Accumulator with Register/Memory 
Multiplier— Byte 
—Word 
— Doubleword 

IMUL = Integer Multiply (Signed) 

Accumulator with Register/Memory 
Multiplier— Byte 
—Word 
— Doubleword 

Register with Register/ Memory 

Multiplier— Byte 
—Word 
—Doubleword 

Register/ Memory with Immediate to Register 
—Word 
— Doubleword 




7** 
6* 
2/7" * 


2** 

• .1" ' 

0/1** 

2** 

1* 

0/2** 

0/2** 

1* 
2** 
0/1* 

0/2* 

0/1 
0/1* 
0/2* 

0/1 
0/1* 
0/2* 

0/1 
0/1* 
0/2* 

0/1* 
0/2* 


a 
a 
a 

a 
a 
a 

a 

a 
a 
a 

a 

a,n 
a,n 
a,n 

a,n 
a,n 
a,n 

a,n 
a,n 
a,n 

a,n 
a,n 


001 01 00 w Jmodreg r/m| 


1 1 1 w |mod reg r/m| 


1 s w |mod 1 1 r/mj immediate data 


00101 10w 


immediate data 




0001 1 pdw Imodreg r/m| 


00 01 1 00 w Imodreg r/mf |lp 


0001 101W Imodreg, r/m| JW^ jEf^ 


1 00000 s w |mod01 1 r/m| immj^ 




0001 1 10w 


immediaM|^&^ i 




1 1 1 1 1 1 1 w |reg M^^M ^ '▼ 


010 01 reg 




4l 


,5* 
6** 
2/5* 

2 
2/6* 

4 

4 

4 

4 

12-17/15-20 
12-25/15-28* 
12-41/17-46* 

12-17/15-20 
12-25/15-28* 
12-41/17-46* 

12-17/15-20 
12-25/15-28* 
12-41/17-46* 

13-26/14-27* 
13-42/16-45* 


ooiigtfW 


^jS^^^g w( m \4i2F 


Iml!* 1 o 1 ™jmftar ipX^ 


W0 O^^^^ioTl ^l^^r^r^imediate data 


01^^^ 
fc 1 1 1^llw 


^^^^^pediate data . 


rriWIl r/m| 


fl^ 1 1 ° 1 1 1 




'00111111 


001001 1 1 


00101 1 1 1 






1 1 1 101 1 w |mod100 r/m| 


1 1 1 101 1 w |mod101 r/m| 


00001111 I 10101111 |modreg r/m| 


1 1 1 s 1 j mod reg r/mj immediate data 
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Table 8.1 


. 80376 Instruction Set Clock Count Summary (Continued) 






Instruction 


Format 


Clock 
Counts 


Number 
Of Data 
Cycles 


Notes 


ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register/Memory 

Divisor — Byte 
—Word 
— Doubleword 

IDIV = Integer Divide (Signed) 

Accumulator by Register/ Memory 

Divisor— Byte 
—Word 
—Doubleword 

AAD = ASCII Adjust for Divide 

AAM = ASCII Adjust for Multiply 

CBW = Convert Byte to Word 

CWD = Convert Word to Double Word 

LOGIC 

Shift Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR 
Register/Memory by 1 

Register/ Memory by CL 

Register/Memory by Immediate County 

Through Carry (RCL and RCR) <Jil|^ 

Register/Memory by 1 ^jLJlr 

Register/Memory bygL lp 

Register/Memory by Immediate Codl|g| 

SHLD = Shift Left Double 

Register/Memory by immediate 

Register/Memory by CL 

SHRD = Shift Right Double 

Register/Memory by Immediate 

Register/Memory by CL 

AND = And 

Register to Register 




#717 
^^/25* 

WF 43/48 * 

3/7** 
3/7** 
3/7** 

9/10** 
9/10** 
9/10** 

3/7** 
3/7** 

3/7** 
3/7** 

2 


0/1 
0/1* 
0/2* 

0/1 
0/1 
0/2* 

0/2** 
0/2** 
0/2** 

0/2** 
10/2** 
0/2** 

0/2** 
0/2** 

0/2** 
0/2** 


a, o 
a,o 
a, o 

a, o 
a, o 
a,o 

a 
a 
a 

a 
a 
a 


1 1 1 1 1 1 w |mod 1 1 r/m| 


1 111011* |mqd1t1 ,/m| ^^ 


1 1010101 I 00001010 I jrtkZS^ JSltf 

1 ' ' ^l£^ ^T3F 


11010100 | 00001010 | jfV^ 40tJT* 


iooiioo °i ^fe w s? w fi 




"•i*^- -|.^. il «r 


i^^i-rf^uic 


k 1 IT™ ° ° "&£& #!^^ ****** 


|| %% ^W , 


11010^|moo^^r/m| 


^^^0 1 w I mod TTT r/m| 


Pyjn300 00w I mod TTT r/m|immed 8-bit data 


^ TTT Instruction 

ROL 

001 ROR 
010 RCL 
1 1 RCR 

10 SHL/SAL 
1 1 SHR 
1 1 1 SAR 


01111 | 1010 010 |mod reg r/m|immed 8-bit data 


00001111 | 10100101 |modreg r/m| 


00001111 | 10101100 |mod reg r/m|immed 8-bit data 


00001111 | 10101101 |modreg r/m| 


00 1 000 dw [mod reg r/m| 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 




LOGIC (Continued) 
Register to Memory 
Memory to Register 
Immediate to Register/Memory 
immediate to Accumulator (Short Form) 

TEST = And Function to Flags, No Result 

Register/Memory and Register 

Immediate Data and Register/ Memory 

Immediate Data and Accumulator 
(Short Form) 

OR = Or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/ Memory 

Immediate to Accumulator (Short Form) 
XOR = Exclusive Or 
Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/liemory 

Immediate to Accumulator (Short 

NOT = Invert Register/Memory 

STRING MANIPULATION 

CMPS = Compare Byte Word 

INS = Input Byte/Word from DX Port 

LODS = Load Byte/Word to AL/AX/EAX 

MOVS = Move Byte Word 

OUTS = Output Byte/Word to DX Port 

SCAS = Scan Byte Word 

STOS = Store Byte/Word from 
AL/AX/EX 

XLAT = Translate String 

REPEATED STRING MANIPULATION 

Repeated by Count in CX or ECX 

REPE CMPS = Compare String 

(Find Non-Match) 



mod 10 r/m immediate data 







101001 1 w 



01 1 01 10w 



10101 10w 



1 1 1 w 



1 1 1 1 1 w 



10101 1 1 w 



101 0101 w 



mod 1 1 r/m immediate data 



1 1 1 10011 101001 1w 



2 

7** 

6* 

2/7*. 

2 



29*' 

5* 



28*' 
7* 



2** 

1* 

0/2*< 



2* 


a 


1** 


a,f,k 


1** 


a.f.l 


1* 


a 


2** 


a 


1** 


a,f,k 


1** 


a,f,I 


1* 


a 


1* 


a 


1* 


a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 




REPEATED STRING MANIPULATION (Continued) 
REPNECMPS = Compare String 

(Find Match) 

REP INS = Input String 
REPLODS= Load String 
REPMOVS = Move String 
REP OUTS - Output String 

REPE SCAS = Scan String 

(Find Non-AL/AX/EAX) 

REPNE SCAS = Scan String 

(FindAL/AX/EAX) 

REP STOS = Store String 
BIT MANIPULATION 
BSF = Scan Bit Forward 
BSR = Scan Bit Reverse 
BT = Test Bit 

Register/Memory, Immediate 

Register/Memory, Register 

BTC = Test Bit and Complement 

Register/Memory, immediate 

Register/Memory, Register 

BTR = Test Bit and Reset 

Register/Memory, lrapj|©diat< 

Register/ Memory, Register 
BTS = Test Bit and Set 

Register/Memory, Immediate 

Register/ Memory, Register 
CONTROL TRANSFER 
CALL = Call 
Direct within Segment 

Register/Memory 

Indirect within Segment 
Direct Intersegment 



a,f,k 
a.f.l 



a,f,k 
a.f.l 



a, j 
c, d, j 



4-779 



irrteT 



80376 



MMMH©E MFQMMffi, 0©M 



Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 



Clock 
Counts 



Number 
of Data 
Cycles 



CONTROL TRANSFER (Continued) 
(Direct Intersegment) 

Via Call Gate to Same Privilege Level 
Via Call Gate to Different Privilege Level, 

(No Parameters) 
Via Call Gate to Different Privilege Level, 

(x Parameters) 

From 386 Task to 386 TSS 



2k 

. 64*1 r 



Indirect Intersegment 

Via Call Gate to Same Privilege Level 
Via Call Gate to Different Privilege Level, 

(No Parameters) 
Via Call Gate to Different Privilege Level, 

(x Parameters) 

From 386 Task to 386 TSS 
JMP = Unconditional Jump 

Short 

Direct within Segment 
Register/Memory Indirect within Segi 
Direct Intersegment 



11111111 mod0 1 1 r/m 



jflMf 8-bit (tfacJ iiPr 






Via Call Gate to Same^PrivillRvel J» A 



3 rivil< 
From 386 Task to 386 TSS 



Indirect Intersegment 



Via Call Gate to Same Privilege Level 
From 386 Task to 386 TSS 



11111111 mod 101 r/m 



46 + m 

68 + m 
^102 + m 
) + 8x + m 
399 



7 + m 

7 + m 

9 + m/14 + m 

37 + m 

53 + m 
395 

37 + m 



59 + m 
401 



13 
13 

13 + 4x 
124 

10 

14 
14 

14 + 4x 
130 



2/4 
5 



13 
124 



a,c,d,j 
a.c.dj 
a,c,d,j 
a.c.d.j 

a,c.d,j 

a,c,d,j 
a,c,d,j 
a,c,d,j 
a.c.d.j 

J 

J 

a,j 
c,d,j 

a,c,d,j 
a.c.d.j 

a.c.d.j 



a,c,d,j 
a.c.d.j 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction Format 


Clock 
Counts 


Number 
of Data 
Cycles 


Notes 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 






12 + m 
* 

12 c 

w 

# <J%mor3 

ML 

* 7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + mor3 

7 + m or 3 
7 + m or 3 

7 4- m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + mor3 
7 + m or 3 

7 + m or 3 
7 + mor3 


2 
2 

4 
4 


a,j,p 

a,j,p 

a,c,d,j,p 

a,c,d,j,p 

c.d.j.P 
c,d,j,p 

J 
i 

J 
J 

J 

i 

j 
j 

j 
j 

j 
j 

j 
i 

j 
j 

j 
j 


Within Segment 


1 100001 1 




9 jpm 

displace7%|JP 

■ Ads. ^ 


Within Segment Adding Immediate to SP 


1 1000010 


1 6-bit displ | 


Intersegment 


1 100101 1 


Intersegment Adding Immediate to SP | 110 01010 

to Different Privilege Level 
Intersegment 
Intersegment Adding Immediate to SP 

CONDITIONAL JUMPS 

NOTE: Times Are Jump "Taken or Not Taken" 

JO = Jump on Overflow 

8-Bit Displacement | 01110 

Full Displacement | 01111 
JNO = Jump on Not Overflow 


1 6-bit displ | 

8-bit displ |H 
lOOOQ^^P^ 


8-Bit Displacement 


01110 01 


^tffb\ \fi 


Full Displacement 


00001 1 ldE 


P^p ooo o a#R| 


JB/JNAE = Jump on Below/Not Above or Equals jt it 




8-Bit Displacement 


°<4ii2iyr^o 


J^ttdjpl Jrf! 


Full Displacement 


[■^JBFL'^dfSN 


displacement 


JNB/JAE = Jump on Not Below/ AlMi 


,%* ^V^ w 


displacement 

displacement 

displacement 

displacement 

displacement 
displacement 


8-Bit Displacement m^l 
Full Displacement IjmF 
JE/JZ = Jump on Eq^/ZerT jJk 


oi jgg» 


^P 1 


^0 0^1 1 1 




1||(R 011 | ful 


8-Bit Displacement ^Ifi 


pi 110100 


8-bit displ I 


Full Displacement ^SP 
JNE/JNZ = Jump on Not Equal/Not Zer 






00001 1 1 1 


10 010 I ful 







8-Bit Displacement 


01 110101 


8-bit displ I 








Full Displacement 


00001 1 1 1 


10 0101 I ful 


JBE/JNA = Jump on Below or Equal/N< 


>t Above 




8-Bit Displacement 


01110110 


8-bit displ I 








Full Displacement 


00001 1 1 1 


10 0110 I ful 


JNBE/JA = Jump on Not Below or Equal 


'Above 




8-Bit Displacement 


01110111 


8-bit displ I 








Full Displacement 


00001 1 1 1 


10000111 (ful 


JS = Jump on Sign 






8-Bit Displacement 


01 1 1 1000 


8-bit displ J 








Full Displacement 


00001 1 1 1 


10 010 | ful 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 



Clock 
Counts 



of Data 
Cycles 



CONDITIONAL JUMPS (Continued) 
JNS = Jump on Not Sign 

8-Bit Displacement 

Full Displacement 



1 1 1 1, 1 



JP/JPE = Jump on Parity/Parity Even 

8-Bit Displacement | 01111010 



Full Displacement 



JNP/JPO = Jump on Not Parity/Parity Odd 

8-Bit Displacement | 1 



Full Displacement 



JL/JNGE = Jump on Less/Not Greater or Equal 

8-Bit Displacement | 01111 

Full Displacement I 1 



8-bit displ 



8-bit displ 



8-bit displ 



full displacement 



7 + m or 3 
7 + m or#t 



full displacement 



^ 



Srfmor3 ^Jjm 



8-bit displ 



10001 



fulldispl^^^ 



JNL/JGE = Jump on Not Less/Greater or Equal 

8-Bit Displacement 



Full Displacement 



01111 101 
00001 




jD.fullcNsplacerdC^ 




JLE/JNG = Jump on Less or Equal/No t Greater, 

8-Bit Displacement 
Full Displacement 

JNLE/JG = Jump on Not Less or 

8-Bit Displacement 

Full Displacement 
JCXZ = Jump on CX^pero 
JECXZ - Jump on ECX Zero 
(Address Size Prefix Differential 
LOOP = Loop CX Times 



.... .- !r g»_*T 





rsplacement 



111 | full displacement 



LOOPZ/LOOPE = Loop with 
Zero/Equal 

LOOPNZ/LOOPNE = Loop While 
Not Zero 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO = Set Byte on Overflow 

To Register/Memory 



1 1 100001 



00001 1 1 1 



SETNO = Set Byte on Not Overflow ' 

To Register/Memory | 00001 1 1 1 



SETB/SETNAE = Set Byte on Below/Not Above or Equal 



To Register/Memory | 00001 1 1 1 



8-bit displ 



8-bit displ 



10 010 00 mod r/m 



10 010 01 I mod r/m] 



10010010 | modOOO r/mj 



or 3 
mor3 



7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 

7 + m or 3 
7 + m or 3 
9 + m or 5 
9 + m or 5 



0/1* 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Instruction 



Format 



Clock 
Counts 



Number 
of Data 
Cycles 



CONDITIONAL BYTE SET (Continued) 

SETNB = Set Byte on Not Below/ Abov e or Equal 

To Register/Memory 



SETE/SETZ = Set Byte on Equal/Zero 



To Register/Memory | 00001111 | 10010100 



SETNE/SETNZ = Set Byte on Not Equ al/Not Zero 

To Register/Memory | 00001111 | 10 010101 

SETBE/SETNA = Set Byte on Below o r Equal/Not Above 

To Register/Memory | 00001111 | 10010110 

SETNBE/SETA = Set Byte on Not Belo w or Equal/Above 

To Register/ Memory [ 01111 | 10 010111 



SETS = Set Byte on Sign 

To Register/ Memory 

SETNS = Set Byte on Not Sign 

To Register/ Memory 



SETP/SETPE = Set Byte on Parity/Parity Even 




To Register/ Memory | 01 l.^^^^^'O 1 1 

SETNP/SETPO = Set Byte on Not Parit y/Parity 

To Register/ Memory 

SETL/SETNGE = Set Byte on Less/N jtG| 

To Register/ Mei 

SETNL/SETGE = Set Byte on 

To RegisliP&lptfory 

SETLE/SETNG ■= Set Byte on Less 



To Register/ Me^m^^ Mo 01111 [ 10011110 \ mod r/m 

SETNLE/SETG = Set Byte on fl|yjpBS or Equal/Greater 

To Register/Memory | 00 1 1 1 1 | 1 1 1 11 1 1 | mod 00 r/m | 



ENTER = Enter Procedure 

L = 
L= 1 
L> 1 

LEAVE = Leave Procedure 



110 010 | 16-bit displacement, 8-bit level 



1 1001001 



10 

14 

17+8(n- 1) 

6 



1 
4(n - 1) 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Format 



Clock ^ 
Counts* 



Number 
of Data 
Cycles 






Notes 



INTERRUPT INSTRUCTIONS 
INT = Interrupt: 
Type Specified 

Via Interrupt or Trap Gate 
to Same Privilege Level 

Via Interrupt or Trap Gate 
to Different Privilege Level 



From 386 Task to 386 TSS via Task Gate 



1 1001 101 



type 



Type 3 



XT- V 






Via Interrupt or Trap Gate 

to Same Privilege Level 
Via Interrupt or Trap Gate 

to Different Privilege Level 

From 386 Task to 386 TSS via Task Gate 



m v or 

^r g £h 4jir 



INTO = interrupt 4 if Overflow Flag 

If OF = 1: 
lfOF = 

Via Interrupt or Trap Gal 
to Same Privilege Lev* 

Via Interrupt or Tra^Gate 
to Different Privilege Level 



From 386 Task to 386 TSS 






c,d,j,p 
c,d,j,p 
c,d,j,p 



c.d.j.p 
c,d,j,p 
c.d.j.p 



c.dj.p 
c,d,j,p 
c.d.j.p 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Clock 
Counts 



Number 
Of Data 
Cycles 



INTERRUPT INSTRUCTIONS (Continued) 



Bound = Out of Range 

Interrupt 5 if Detect Value 



0110 010 | mod reg r/m 



& 



if in Range 

if Out of Range: 

Via Interrupt or Trap Gate 

to Same Privilege Level 
Via Interrupt or Trap Gate 

to Different Privilege Level 

From 386 Task to 386 TSS via Task Gate 
INTERRUPT RETURN 

IRET = Interrupt Return I 



To the Same Privilege Level (within Task) 
To Different Privilege Level (within Task) 

From 386 Task to 386 TSS 

PROCESSOR CONTROL 

HLT = HALT 

MOV = Move to and from Control 

CR0 from register 






1 1001 1 1 1 



W^ * ■ *3r 398 



#^«0fc>° 




Register from CR0 
DRO-3 from Register* 
DR6-7 from Register 
Register from DR6-7 
Register from DR0-3 

NOP= No Operation 



WAIT = Wait until BUSY # Pin is Negated | 1001 101 1 



42 
86 



10 
6 
22 
16 
14 
22 

3 
6 



14 
138 



a,c,d,j,o,p 

c,dj,p 
c.d.j.p 
c,d,j,p 



a,c,d,j,p 
a,c,d,j,p 

c,d,i,p 
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Table 8.1 . 80376 Instruction Set Clock Count Summary (Continued) 




Instruction Format 


Clock 
Counts 


Number 
of Data 
Cycles 


Notes 


PROCESSOR EXTENSION INSTRUCTIONS 


See 80387SX Data Sheet 

* 

► o 

20/21** 

17/18* 

13** 

13** 

24/28* 
10/13* 

24/27* 
29/32* 

27/31* 
11* 
11* 
2/2* 


r 

2** 
1* 
3* 
3* 

5* 
1* 

2* 

2* 

4* 
3* 
3* 
4* 


a 

f 

a 

a,c.i,p 

a,e 

a,e 

a,c,e,p 
a,e 

a,c,i,p 
a.c.i.P 

a,c,e,p 
a 
a 
a 


Processor Extension Escape | 11011TTT |modLLL r/m | 
TTT and LLL bits are opcode 
information for coprocessor. 

PREFIX BYTES 


Address Size Prefix | 01100111 | 




LOCK = Bus Lock Prefix [ 11110000 J 


Operand Size Prefix f 01100110 | J| 


Segment Override Prefix jgjillk 


CS: | 00101110 | ,^^^ 


'",":: ,::,„:"',■""■.■' " "z ' ",r - '^i*py r 


DS: | 001 111 10 | #%?%^ 


J" 1 ; "„, :,";::, ::::;;:; ri:, 1 ;::;, |f jl ■« 


ES: | 00100110 | jfi!^^ d!T 


"",; , ;: l i ," ":\ m :z"'Z":'z! ■ .^^^f ^&tj 


p S: | 01100100 | ^1^^^ .A ^ 


;.; ;:: „ ;: ,,;:;„„ ":;::,; ;":' ,|l^K7^ ilr!llk, 


GS: ■ | 01100101 | , '\2* ^-JC^ 4 


>- ' A ▼ f^SftV *j_ 


SS: | 00110110 \&+ >W^JB 


PROTECTION CONTROL Cjf ^^ ^fifi* 
ARPL = Adjust Requested Privilege Level ^Sff^ j+hf *CP^ 


From Register/Memory | ° r ^^^ '"^^^pl £^^ 


LAR= Load Access Rights * % * ' ^%/^ '^^^^ 


From Register/Memory ^^^^^^> 1 1 1 J^31|jL0 00 ^^^mod reg r/m | 


LGDT = Load Global DescjMolw' ^jk^ mr^ 


Table Register "%3f^ \ 6 <^^1 1 1 1^| 00 olfe.O 1 | mod 1 r/m | 


LIDT= LoadlnterrupDescriptor^^^^F 


Table Register W^^^° 1 1 1 1 I 00 01 | mod 1 1 r/m | 


LLDT = Load Local Descriptor^JfF 


Register/Memory | 00001111 | 000000 | mod 010 r/m j 


LMSW =Load Machine Status Word 


From Register/Memory J 00001111 .000000 0.1 | mod 110 r/m | 


LSL = Load Segment Limit 


From Register/Memory { 00001111 | 00000011 | mod reg r/m | 


Byte-Granular Limit 
Page-Granular Limit 
LTR - Load Task Register 


From Register/Memory | 00001111 | 00000000 | mod 01 r/m | 


SGDT = Store Global Descriptor 


Table Register | 00001111 | 00000001 | mod r/m | 


SIDT = Store Interrupt Descriptor 


Table Register | 00001 1 1 l| 00 000001 |mod001 r/m | 


SLDT = Store Local Descriptor Table Register 


To Register/Memory | 00001111 | 00000000 | mod r/m | 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 



Clock 
Counts 



Number 
of Data 
Cycles 



PROTECTION CONTROL (Continued) 

SMSW = Store Machine 
Status Word 

STR = Store Task Register 

To Register/Memory 

VERR = Verify Read Accesss 

Register/Memory 

VERW = Verify Write Accesss 



00001 111 00000001 



2/2* 



^Yoootrdig 



DO r/m 



00001 1 i j M 



iod 1 1 r/m 



v ^ 

NOTES: ■« ' jgf 

a. Exception 13 fault (general violation) v^Bpcur if the memory operand in CS, DS, ES, FS or GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack limit is violated, and exception 1 2 (stack segment limit 
violation or not present) occurs. 

b. For segment load operations, the CPL, RPL and DPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segments's descriptor must indicate "present" or exception 11 (CS, DS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present occurs). 

c. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK# to maintain 
descriptor integrity in multiprocessor systems. 

d. JMP, CALL, INT, RET and I RET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is volated. 

e. An exception 13 fault occurs if CPL is greater than 0. 

f. An exception 13 fault occurs if CPL is greater than IOPL. 

g. The IF bit of the flag register is not updated if CPL is greater than IQPL. The IOPL field of the flag register is updated only 
if CPL = 0. 

h. Any violation of priveiege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 

i. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or no present) will occur if the stack limit is violated by the operand's starting address. 

j. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur, 
k. If CPL <. IOPL 
I. If CPL > IOPL 

m. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK# prefix, 
n. The 80376 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi- 
cant bit in the operand (multiplier). Clock counts given are minimum to maximum. To Calculate actual clocks use the follow- 
ing formula: 

Actual Clock = if m < > then max ([log2 |m|], 3) + 9 clocks: 
if m = then 12 clocks (where m is the multiplier) 
o. An exception may occur, depending on the value of the operand, 
p. LOCK# is asserted during descriptor table accesses. 
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8.2 INSTRUCTION ENCODING 



Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod r/m" 
byte and "scaled index" byte, a displacement if re- 
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod r/m 
byte, specifies the address mode to be used. Certain 



encodings of the mod r/m byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod r/m byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im- 
mediately following the mod r/m byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 8.1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the r/m field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 
tions, sometimes within the opcode bytes them- 
selves. Table 8.2 is a complete list of all fields ap- 
pearing in the 80376 instruction set. Further ahead, 
following Table 8.2, are detailed tables for each 
field. 



TTTTTTTTlTTTTTTTT[modTTTr/m| ssindexbase | d32 1 16 | 8 | none data32 | 16 | 8 | none 

/ i J 



07 



76 5 3 2 7 6 5 3 2 0. 

— J V y« / V y /\- 



opcode 

(one or two bytes) 

(T represents an 

opcode bit.) 



"mod r/m" 
byte 



"s-i-b" 
byte 



register and address 
mode specif ier 



address 
displacement 
(4, 2, 1 bytes 

or none) 



immediate 

data 

(4,2, 1 bytes 

or none) 



Figure 8.1. General Instruction Format 



Table 8.2. Fields within 80376 Instructions 



Field Name 


Description 


Number of Bits 


w 


Specifies if Data is Byte or Full Size (Full Size is either 1 6 or 32 Bits 


1 


d 


Specifies Direction of Data Operation 


1 


s 


Specifies if an Immediate Data Field Must be Sign-Extended 


1 


reg 


General Register Specifier 


3 


mod r/m 


Address Mode Specifier (Effective Address can be a General Register) 


2 for mod; 

3 for r/m 


ss 


Scale Factor for Scaled Index Address Mode 


2 


index 


General Register to be used as Index Register 


3 


base 


General Register to be used as Base Register 


3 


sreg2 


Segment Register Specifier for CS, SS, DS, ES 


2 


sreg3 


Segment Register Specifier for CS, SS, DS, ES, FS, GS 


3 


tttn 


For Conditional Instructions, Specifies a Condition Asserted 






or a Condition Negated 


4 



Note: Table 8.1 shows encoding of individual instructions. 
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16-Bit Extensions of the 
Instruction Set 

Two prefixes, the Operand Size Prefix (66H) and the 
Effective Address Size Prefix (67H), allow overriding 
individually the Default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix- 
es may be placed before the opcode bytes. The 
presence of the Operand Size Prefix and the Effec- 
tive Address Prefix will allow 16-bit data operation 
and 16-bit effective address calculations. 

For instructions with more than one prefix, the order 
of prefixes is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 



Encoding of Instruction Fields 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. 



ENCODING OF OPERAND LENGTH (w) FIELD 

For any given instruction performing a data opera- 
tion, the instruction will execute as a 32-bit opera- 
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be- 
low. 



Encoding of reg Field When w Field 
Is not Present in Instruction 



w Field 


Operand Size 

During 16-Bit 

Data Operations 


Operand Size 

During 32-Bit 

Data Operations 



1 


8 Bits 
16 Bits 


8 Bits 
32 Bits 



ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod r/m" byte, or as the r/m 
field of the "mod r/m" byte. 





Register Selected 


Register Selected 


reg Field 


During 16-Bit 


During 32-Bit 




Data Operations 


Data Operations 


000 


AX 


EAX 


001 


CX 


ECX 


010 


DX 


EDX 


011 


BX 


EBX 


100 


SP 


ESP 


101 


BP 


EBP 


101 


SI 


ESI 


101 


Dl 


EDI 



Encoding of reg Field When w Field 
is Present in Instruction 



Register Specified by reg Field 
During 16-Bit Data Operations: 


reg 


Function of w Field 


(when w = 0) 


(when w = 1) 


000 
001 
010 
011 
100 
101 
110 

111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 



Register Specified by reg Field 




During 32-Bit Data Operations 


reg 


Function of w Field 


(when w = 0) 


(when w = 1) 


000 


AL 


EAX 


001 


CL 


ECX 


010 


DL 


EDX 


011 


BL 


EBX 


100 


AH 


ESP 


101 


CH 


EBP 


110 


DH 


ESI 


111 


BH 


EDI 
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ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the CS, DS, ES or SS segment regis- 
ters to be specified. The sreg field in other instruc- 
tions is a 3-bit field, allowing the FS and GS segment 
registers to be specified also. 

2-Bit sreg2 Field 



2-Bit 
sreg2 Field 


Segment 
Register 
Selected 


00 
01 
10 

11 


ES 
CS 
SS 
DS 



3-Bit sreg3 Field 



3-Bit 
sreg3 Field 


Segment 
Register 
Selected 


000 
001 
010 
011 
100 
101 
110 

111 


ES 

CS 

SS 

DS 

FS 

GS 
do not use 
do not use 



ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH of 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
r/m" byte, and a second byte of addressing informa- 
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
r/m" byte has r/m = 100 and mod = 00, 01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod r/m" byte, 
also contains three bits (shown as TTT in Figure 8.1) 
sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 1 6-bit 
addressing or 32-bit addressing is used. 16-bit ad- 
dressing uses 16-bit address components to calcu- 
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef- 
fective address. When 16-bit addressing is used, the 
"mod r/m" byte is interpreted as a 1 6-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod r/m" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en- 
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of Normal Address Mode with "mod r/m" byte (no "s-i-b" byte present); 



mod r/m 


Effective Address 


00 000 


DS:[EAX] 


00 001 


DS:[ECX] 


00 010 


DS:[EDX] 


00 011 


DS:[EBX] 


00100 


s-i-b is present 


00101 


DS:d32 


00110 


DS:[ESI] 


00111 


DS:[EDI] 


01 000 


DS:[EAX+d8] 


01 001 


DS:[ECX + d8] 


01 010 


DS:[EDX + d8] 


01011 


DS:[EBX-fd8] 


01 100 


s-i-b is present 


01 101 


SS:[EBP + d8] 


01 110 


DS:[ESI + d8] 


01111 


DS:[EDI + d8] 



mod r/m 


Effective Address 


10 000 


DS:[EAX + d32] 


10 001 


DS:[ECX + d32] 


10 010 


DS:[EDX+d32] 


10011 


DS:[EBX + d32] 


10100 


s-i-b is present 


10101 


SS:[EBP + d32] 


10110 


DS:[ESI + d32] 


10111 


DS:[EDI+d32] 


11000 


register—see below 


11001 


register— see below 


11010 


register-— see below 


11011 


register— see below 


11100 


register— see below 


11 101 


register— see below 


11110 


register— see below 


11111 


register — see below 



Register Specified by reg or r/m 
during Normal Data Operations: 


mod r/m 


function of w field 


(whenw=0) 


(when w=1) 


11000 
11001 
11010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI 
ED! 



Register Specified by reg or r/m 
during 16-Bit Data Operations: (66H Prefix) 


mod r/m 


function of w field 


(when w=0) 


(when w=1) 


11000 
11001 
11 010 
11011 
11 100 
11 101 
11 110 

11 111 


AL 
CL 
DL 
BL 
AH 
CH 
DH 
BH 


AX 
CX 
DX 
BX 
SP 
BP 
SI 
Dl 
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Encoding of 16-blt Address Mode with "mod r/m" Byte Using 67H Prefix 



modr/m 


Effective Address 


00 000 


DS:[BX + SI] 


00 001 


DS:[BX + DI] 


00 010 


SS:[BP + SI] 


00 011 


SS:[BP + DI] 


00100 


DS:[SI] 


00101 


DS:[DI] 


00 110 


DS:d16 


00111 


DS:[BX] 


01 000 


DS:[BX + SI + d8] 


01 001 


DS:[BX + DI + d8] 


01010 


SS:[BP + SI + d8] 


01011 


SS:[BP + DI + d8] 


01100 


DS:[SI + d8] 


01101 


DS:[DI + d8] 


01110 


SS:[BP + d8] 


01 111 


DS:[BX + d8] 



modr/m 


Effective Address 


10 000 


DS:[BX+SI + d16] 


10 001 


DS:[BX + DI + d16] 


10010 


SS:[BP + SI + d16] 


10011 


SS:[BP + DI + d16] 


10100 


DS:[SI + d16] 


10 101 


DS:[DI + d16] 


10110 


SS:[BP+d16] 


10111 


DS:[BX + d16] 


11000 


register—see below 


11001 , 


register— see below 


11010 


register— see below 


11011 


register— see below 


11100 


register— see below 


11 101 


register — see below 


11110 


register— see below 


11 111 


register— see below 
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Encoding of 32-bit Address Mode ("mod r/m" byte and "s-i-b" byte present): 



mod base 


Effective Address 


00 000 


DS:[EAX + (scaled index)] 


00 001 


DS: [ECX + (scaled index)] 


00 010 


DS:[EDX + (scaled index)] 


00 011 


DS: [EBX + (scaled index)] 


00100 


SS: [ESP + (scaled index)] 


00101 


DS:[d32 + (scaled index)] 


00110 


DS: [ESI + (scaled index)] 


00111 


DS:[EDI + (scaled index)] 


01000 


DS: [EAX + (scaled index) + d8] 


01001 


DS: [ECX + (scaled index) + d8] 


01010 


DS: [EDX + (scaled index) + d8] 


01011 


DS: [EBX + (scaled index) + d8] 


01 100 


SS: [ESP + (scaled index) + d8] 


01 101 


SS: [EBP + (scaled index) + d8] 


01 110 


DS: [ESI + (scaled index) + d8] 


01 111 


DS: [EDI + (scaled index) + d8] 


10 000 


DS: [EAX + (scaled index) + d32] 


10 001 


DS: [ECX + (scaled index) + d32] 


10010 


DS: [EDX + (scaled index) + d32] 


10011 


DS: [EBX + (scaled index) + d32] 


10100 


SS: [ESP + (scaled index) + d32] 


10101 


SS: [EBP + (scaled index) + d32] 


10110 


DS: [ESI + (scaled index) + d32] 


10111 


DS: [EDI + (scaled index) + d32] 



NOTE: 

Mod field in 
"s-i-b" byte. 



SS 


Scale Factor 


00 
01 
10 
11 


x1 
x2 
x4 
x8 



index 


Index Register 


000 


EAX 


001 


ECX 


010 


, EDX 


011 


EBX 


100 


no index reg** 


101 


EBP 


110 


ESI 


111 


EDI 



**IMPORTANTNOTE: 

When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 



"mod r/m" byte; ss, index, base fields in 



4-793 



iny 



80376 



ABSWANGB BMF©I^[M1A?0®M 



ENCODING OF OPERATION 
DIRECTION (d) FIELD 

In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 



Direction of Operation 



Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 



<- - Register/ Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 



ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with inr> 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 1 6-bit or 32-bit destination. 



Effect on 
Immediate Data8 


Effect on 
Immediate Data 16(32 


None 

1 Sign-Extend Data8 to Fill 

1 6-Bit or 32-Bit Destination 


None 
None 



ENCODING OF CONDITIONAL 
TEST (tttn) FIELD 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n = 0) or its negation (n = 1 ), 
and ttt giving the condition to test. 



Mnemonic 


Condition 


tttn 





Overflow 


0000 


NO 


No Overflow 


0001 


B/NAE 


Below/ Not Above or Equal 


0010 


NB/AE 


Not Below/ Above or Equal 


0011 


E/Z 


Equal/Zero 


0100 


NE/NZ 


Not Equal/Not Zero 


0101 


BE/NA 


Below or Equal/ Not Above 


0110 


NBE/A 


Not Below or Equal/Above 


0111 


S 


Sign 


1000 


NS 


Not Sign 


1001 


P/PE 


Parity/ Parity Even 


1010 


NP/PO 


Not Parity/Parity Odd 


1011 


L/NGE 


Less Than/Not Greater or Equal 


1100 


NL/GE 


Not Less Than/Greater or Equal 


1101 


LE/NG 


Less Than or Equal/Greater Than 


1110 


NLE/G 


Not Less or Equal/Greater Than 


1111 



ENCODING OF CONTROL OR DEBUG 
REGISTER (eee) FIELD 

For the loading and storing of the Control and Debug 
registers. 

When Interpreted as Control Register Field 



eee Code 


Reg Name 


000 
010 
011 


CRO 
Reserved 
Reserved 


Do not use any other encoding 



When Interpreted as Debug Register Field 



eee Code 


Reg Name 


000 


DR0 


001 


DR1 


010 


DR2 


011 


DR3 


110 


DR6 


111 


DR7 


Do not use any other encoding 
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9.0 REVISION HISTORY 

This 80376 data sheet, version -002, contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 

The sections significantly revised since version -001 are: 

Front Page The 80376 Microarchitecture diagram was added. 

Section 1.0 Figure 1.2 was updated to show both top and bottom views of the 88-pin PGA package. 

Section 2.0 Figure 2.0 was updated to show the 16-bit registers SI, Dl, BP and SP. 

Section 2.1 Figure 2.2 was updated to show the correct bit polarity for bit 4 in the CR0 register. 

Section 2.1 Tables 2.1 and 2.2 were updated to include additional information on the EFLAGs and CR0 

registers. 

Section 2.3 Figure 2.3 was updated to more accurately reflect the addressing mechanism of the 80376. 

Section 2.6 In the subsection Maskable Interrupt a paragraph was added to describe the effect of 

interrupt gates on the IF EFLAGs bit. 

Section 2.8 Table 2.7 was updated to reflect the correct power up condition of the CR0 register. 

Section 2.10 Figure 2.6 was updated to show the correct bit positions of the BT, BS and BD bits in the 
DR6 register. 

Section 3.0 Figure 3.1 was updated to clearly show the address calculation process. 

Section 3.2 The subsection DESCRIPTORS was elaborated upon to clearly define the relationship be- 

tween the linear address space and physical address space of the 80376. 

Section 3.2 Figures 3.3 and 3.4 were updated to show the AVL bit field. 

Section 3.3 The last sentence in the first paragraph of subsection PROTECTION AND I/O PERMIS- 

SION BIT MAP was deleted. This was an incorrect statement. 

Section 4.1 In the Subsection ADDRESS BUS (BHE#, BLE#, A23-A1 last sentence in the first para- 

graph was updated to reflect the numerics operand addresses as 8000FCH and 8000FEH. 
Because the 80376 sometimes does a double word I/O access a second access to 
8000FEH can be seen. 

Section 4.1 The Subsection Hold Lantencies was updated to describe how 32-bit and unaligned ac- 

cesses are internally locked but do not assert the LOCK # signal. 

Section 4.2 Table 4.6 was updated to show the correct active data bits during a BLE# assertion. 

Section 4.4 This section was updated to correctly reflect the pipelining of the address and status of the 

80376 as opposed to "Address Pipelining" which occurs on processors such as the 80286. 

Section 4.6 Table 4.7 was updated to show the correct Revision number, 05H. 

Section 4.7 Table 4.8 was updated to show the numerics operand register 8000FEH. This address is 

seen when the 80376 does a DWORD operation to the port address 8000FCH. 

Section 5.0 In the first paragraph the case temperatures were updated to correctly reflect the 0°C- 1 1 5°C 

for the ceramic package and 0°C-1 1 0°C for the plastic package. 

Section 6.2 Table 6.2 was updated to correctly reflect the Case Temperature under Bias specification of 

-65°C-120°C. 

Section 6.4 Figure 6.8 vertical axis was updated to reflect "Output Valid Delay (ns)". 

Section 6.4 Figure 6.1 1 was updated to show typical Ice vs Frequency for the 80376. 

Section 6.5 This entire section was updated to reflect the new ICE-376 emulator. 

Section 8.1 The clock counts and opcodes for various instructions were updated to their correct value. 

Section 8.2 The section INSTRUCTION ENCODING was appended to the data sheet. 
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82370 
INTEGRATED SYSTEM PERIPHERAL 



High Performance 32-Bit DMA 
Controller for 16-Bit Bus 
— 16 MBytes/Sec Maximum Data 
Transfer Rate at 16 MHz 

— 8 independently Programmable 
Channels 

20-Source Interrupt Controller 

— Individually Programmable Interrupt 
Vectors 

— 15 External, 5 Internal Interrupts 

— 82C59A Superset 

Four 16-Bit Programmable Interval 
Timers 

— 82C54 Compatible 

Software Compatible to 82380 



Programmable Wait State Generator 

— to 15 Wait States Pipelined 

— to 16 Wait States Non-Pipelined 

DRAM Refresh Controller 

80376 Shutdown Detect and Reset 
Control 

— Software/Hardware Reset 

High Speed CHMOS III Technology 

100-Pin Plastic Quad Flat-Pack Package 
and 132-Pin Pin Grid Array Package 

(See Packaging Handbook Order #231369) 

Optimized for Use with the 80376 
Microprocessor 

— Resides on Local Bus for Maximum 
Bus Bandwidth 



The 82370 is a multi-function support peripheral that integrates system functions necessary in an 80376 
environment. It has eight channels of high performance 32-bit DMA (32-bit internal, 16-bit external) with the 
most efficient transfer rates possible on the 80376 bus. System support peripherals integrated into the 82370 
provide Interrupt Control, Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. 

The 82370's DMA Controller can transfer data between devices of different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 

80376 LOCAL BUS 



■ME- 



INTERNAL BUS 
ARBITRATION 
AND CONTROL 



4 — ► 



WAIT -STATE 
CONTROL 



DRAM 

REFRESH 

CONTROLLER 



»5 Internal requests 



20 -LEVEL 

INTERRUPT 

CONTROLLER 



CPU 
RESET 



«— * 



BUS INTERFACE 
_ 



:s"^ 



1 6 - BIT PHYSICAL 
(32 -BIT LOGICAL) 

8 -CHANNEL 
DMA 

CONTROLLER 



VVV 



TIMER 1 



TIMER 2 



TIMER 3 



290164-1 



Internal Block Diagram 
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Pin Descriptions 

The 82370 provides all of the signals necessary to 
interface an 80376 host processor. It has a separate 
24-bit address and 16-bit data bus. It also has a set 
of control signals to support operation as a bus mas- 
ter or a bus slave. Several special function signals 



exist on the 82370 for interfacing the system support 
peripherals to their respective system counterparts. 
Following are the definitions of the individual pins of 
the 82370. These brief descriptions are provided as 
a reference. Each signal is further defined within the 
sections which describe the associated 82370 func- 
tion. 



Symbol 


Type 


Name and Function 


AT-A23 


I/O 


ADDRESS BUS; Outputs physical memory or port I/O addresses. See 
Address Bus (2.2.3) for additional information. 


BHE# 
BLE# 


I/O 


BYTE ENABLES: Indicate which data bytes of the data bus take part in a bus 
cycle. See Byte Enable (2.2.4) for additional information. 


Do-D 15 


I/O 


DATA BUS: This is the 16-bit data bus. These pins are active outputs during 
interrupt acknowledges, during Slave accesses, and when the 82370 is in the 
Master Mode. 


CLK2 


I 


PROCESSOR CLOCK: This pin must be connected to the processor's clock, 
CLK2. The 82370 monitors the phase of this clock in order to remain 
synchronized with the CPU. This clock drives all of the internal synchronous 
circuitry. 


D/C# 


I/O 


DATA/CONTROL: D/C# is used to distinguish between CPU control cycles 
and DMA or CPU data access cycles. It is active as an output only in the 
Master Mode. 


W/R# 


I/O 


WRITE/READ: W/R# is used to distinguish between write and read cycles. It 
is active as an output only in the Master Mode. 


M/IO# 


I/O 


MEMORY/IO: M/IO# is used to distinguish between memory and 10 
accesses. It is active as an output only in the Master Mode. 


ADS# 


I/O 


ADDRESS STATUS: This signal indicates presence of a valid address on the 
address bus. It is active as output only in the Master Mode. ADS# is active 
during the first T-state where addresses and control signals are valid. 


NA# 


I 


NEXT ADDRESS: Asserted by a peripheral or memory to begin a pipelined 
address cycle. This pin is monitored only while the 82370 is in the Master 
Mode. In the Slave Mode, pipelining is determined by the current and past 
status of the ADS# and READY # signals. 


HOLD 





HOLD REQUEST: This is an active-high signal to the Bus Master to request 
control of the system bus. When control is granted, the Bus Master activates 
the hold acknowledge signal (HLDA). 


HLDA 


I 


HOLD ACKNOWLEDGE: This input signal tells the DMA controller that the 
Bus Master has relinquished control of the system bus to the DMA controller. 
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Pin Descriptions (Continued) 



Symbol 


Type 


Name and Function 


DREQ (0-3, 5-7) 


I 


DMA REQUEST: The DMA Request inputs monitor requests from peripherals 
requiring DMA service. Each of the eight DMA channels has one DREQ input. 
These active-high inputs are internally synchronized and prioritized. Upon 
request, channel has the highest priority and channel 7 the lowest. 


DREQ4/IRQ9# 


I 


DMA/INTERRUPT REQUEST: This is the DMA request input for channel 4. It 
is also connected to the interrupt controller via interrupt request 9. This 
internal connection is available for DMA channel 4 only. The interrupt input is 
active low and can be programmed as either edge or level triggered. Either 
function can be masked by the appropriate mask register. Priorities of the 
DMA channel and the interrupt request are not related but follow the rules of 
the individual controllers. 

Note that this pin has a weak internal pull-up. This causes the interrupt 
request to be inactive, but the DMA request will be active if there is no 
external connection made. Most applications will require that either one or the 
other of these functions be used, but not both. For this reason, it is advised 
that DMA channel 4 be used for transfers where a software request is more 
appropriate (such as memory-to-memory transfers). In such an application, 
DREQ4 can be masked by software, freeing IRQ9# for other purposes. 


EOP# 


I/O 


END OF PROCESS: As an output, this signal indicates that the current 
Requester access is the last access of the currently operating DMA channel. 
It is activated when Terminal Count is reached. As an input, it signals the DMA 
channel to terminate the current buffer and proceed to the next buffer, if one 
is available. This signal may be programmed as an asynchronous or 
synchronous input. 

EOP# must be connected to a pull-up resistor. This will prevent erroneous 
external requests for termination of a DMA process. 


EDACK (0-2) 





ENCODED DMA ACKNOWLEDGE: These signals contain the encoded 
acknowledgment of a request for DMA service by a peripheral. The binary 
code formed by the three signals indicates which channel is active. Channel 4 
does not have a DMA acknowledge. The inactive state is indicated by the 
code 1 00. During a Requester access, EDACK presents the code for the 
active DMA channel. During a Target access, EDACK presents the inactive 
code 100. 


IRQ (11 -23) # 


I 


INTERRUPT REQUEST: These are active low interrupt request inputs. The 
inputs can be programmed to be edge or level sensitive. Interrupt priorities 
are programmable as either fixed or rotating. These inputs have weak internal 
pull-up resistors. Unused interrupt request inputs should be tied inactive 
externally. 


INT 





INTERRUPT OUT: INT signals that an interrupt request is pending. 


CLKIN 


I 


TIMER CLOCK INPUT: This is the clock input signal to all of the 82370's 
programmable timers. It is independent of the system clock input (CLK2). 


TOUT1/REF# 





TIMER 1 OUTPUT/REFRESH: This pin is software programmable as either 
the direct output of Timer 1 , or as the indicator of a refresh cycle in progress. 
As REF#, this signal is active during the memory read cycle which occurs 
during refresh. 
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Pin Descriptions (Continued) 



Symbol 


Type 


Name and Function 


TOUT2#/IRQ3# 


I/O 


TIMER 2 OUTPUT/INTERRUPT REQUEST: This is the inverted output of 
Timer 2. It is also connected directly to interrupt request 3. External hardware 
can use IRQ3# if Timer 2 is programmed as OUT = (TOUT2# = 1). 


TOUT3# 





TIMER 3 OUTPUT: This is the inverted output of Timer 3. 


READY # 


I 


READY INPUT: This active-low input indicates to the 82370 that the current 
bus cycle is complete. READY is sampled by the 82370 both while it is in the 
Master Mode, and while it is in the Slave Mode. 


WSC(0-1) 


I 


WAIT STATE CONTROL: WSCO and WSC1 are inputs used by the Wait- 
State Generator to determine the number of wait states required by the 
currently accessed memory or I/O. The binary code on these pins, combined 
with the M/IO# signal, selects an internal register in which a wait-state count 
is stored. The combination WSC== 1 1 disables the wait-state generator. 


READYO# 





READY OUTPUT: This is the synchronized output of the wait-state generator. 
It is also valid during CPU accesses to the 82370 in the Slave Mode when the 
82370 requires wait states. READYO# should feed directly the processor's 
READY # input. 


RESET 


I 


RESET: This synchronous input serves to initialize the state of the 82370 and 
provides basis for the CPURST output. RESET must be held active for at least 
15 CLK2 cycles in order to guarantee the state of the 82370. After Reset, the 
82370 is in the Slave Mode with all outputs except timers and interrupts, in 
their inactive states. The state of the timers and interrupt controller must be 
initialized through software. This input must be active for the entire time 
required by the host processor to guarantee proper reset. 


CHPSEL# 





CHIP SELECT: This pin is driven active whenever the 82370 is addressed in a 
slave bus read or write cycle. It is also active during interrupt acknowledge 
cycles when the 82370 is driving the Data Bus. It can be used to control the 
local bus transceivers to prevent contention with the system bus. 


CPURST 





CPU RESET: CPURST provides a synchronized reset signal for the CPU. It is 
activated in the event of a software reset command, a processor shut-down 
detect, or a hardware reset via the RESET pin. The 82370 holds CPURST 
active for 62 clocks in response to either a software reset command or a shut- 
down detection. Otherwise CPURST reflects the RESET input. 


v C c 




POWER: + 5V input power. 


Vss 




Ground Reference. 



Table 1. Wait-State Select Inputs 



Port 
Address 



72H 
73H 
74H 

M/IO# 



Wait-State Registers 
D7 D4 D3 DO 



MEMORY 
MEMORY 1 
MEMORY 2 



I/O0 
1/01 
I/O 2 



DISABLED 



Select Inputs 
WSC1 WSCO 
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' 


5Vf\50 


1 PIN NO. 


1 MARK 




75^, 






O 


^26 




76*4 


^^ 


100 1 




!>25 


290164-2 



100 Pin Quad Flat-Pack Pin Out (Top View) 



A Row 


BRow 


CRow 


DRow 


Pin 


Label 


Pin 


Label 


Pin 


Label 


Pin 


Label 


1 


CPURST 


26 
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1,0 FUNCTIONAL OVERVIEW 

The 82370 contains several independent functional 
modules. The following is a brief discussion of the 
components and features of the 82370. Each mod- 
ule has a corresponding detailed section later in this 
data sheet. Those sections should be referred to for 
design and programming information. 



1.1 82370 Architecture 

The 82370 is comprised of several computer system 
functions that are normally found in separate LSI 
and VLSI components. These include: a high-per- 
formance, eight-channel, 32-bit Direct Memory Ac- 
cess Controller; a 20-level Programmable Interrupt 



Controller which is a superset of the 82C59A; four 
16-bit Programmable Interval Timers which are func- 
tionally equivalent to the 82C54 timers; a DRAM Re- 
fresh Controller; a Programmable Wait State Gener- 
ator; and system reset logic. The interface to the 
82370 is optimized for high-performance operation 
with the 80376 microprocessor. 

The 82370 operates directly on the 80376 bus. In 
the Slave Mode, it monitors the state of the proces- 
sor at all times and acts or idles according to the 
commands of the host. It monitors the address pipe- 
line status and generates the programmed number 
of wait states for the device being accessed. The 
82370 also has logic to the reset of the 80376 via 
hardware or software reset requests and processor 
shutdown status. 
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After a system reset, the 82370 is in the Slave 
Mode. It appears to the system as an I/O device. It 
becomes a bus master when it is performing DMA 
transfers. 



are automatically inserted into the access cycle. 
This allows the programmer to write initialization rou- 
tines, etc. without regard to hardware recovery 
times. 



To maintain compatibility with existing software, the 
registers within the 82370 are accessed as bytes. If 
the internal logic of the 82370 requires a delay be- 
fore another access by the processor, wait states 



Figure 1-1 shows the basic architectural compo- 
nents of the 82370. The following sections briefly 
discuss the architecture and function of each of the 
distinct sections of the 82370. 
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Figure 1-1. Architecture of the 82370 
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1.1.1 DMA CONTROLLER 

The 82370 contains a high-performance, 8-channel 
DMA Controller. It provides a 32-bit internal data 
path. Through its 16-bit external physical data bus, it 
is capable of transferring data in any combination of 
bytes, words and double-words. The addresses of 
both source and destination can be independently 
incremented, decremented or held constant, and 
cover the entire 16-bit physical address space of the 
80376. It can disassemble and assemble non- 
aligned data via a 32-bit internal temporary data 
storage register. Data transferred between devices 
of different data path widths can also be assembled 
and disassembled using the internal temporary data 
storage register. The DMA Controller can also trans- 
fer aligned data between I/O and memory on the fly, 
allowing data transfer rates up to 16 megabytes per 
second for an 82370 operating at 16 MHz. Figure, 
1-2 illustrates the functional components of the DMA 
Controller. 

There are twenty-four general status and command 
registers in the 82370 DMA Controller. Through 
these registers any of the channels may be pro- 
grammed into any of the possible modes. The oper- 
ating modes of any one channel are independent of 
the operation of the other channels. 



Each channel has three programmable registers 
which determine the location and amount of data to 
be transferred: 

Byte Count Register— Number of bytes to trans- 
fer. (24-bits) 

Requester Register — Byte Address of memory 
or peripheral which is re- 
questing DMA service. 
(24-bits) 

Target Register — Byte Address of peripheral 
or memory which will be 
accessed. (24-bits) 

There are also port addresses which, when ac- 
cessed, cause the 82370 to perform specific func- 
tions. The actual data written doesn't matter, the act 
of writing to the specific address causes the com- 
mand to be executed. The commands which operate 
in this mode are: Master Clear, Clear Terminal Count 
Interrupt Request, Clear Mask Register, and Clear 
Byte Pointer Flip-Flop. 

DMA transfers can be done between all combina- 
tions of memory and I/O; memory-to-memory, mem- 
ory-to-l/O, l/O-to-memory, and l/O-to-l/O. DMA 
service can be requested through software and/or 
hardware. Hardware DMA acknowledge signals are 
available for all channels (except channel 4) through 
an encoded 3-bit DMA acknowledge bus 
(EDACKO-2). 
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Figure 1-2. 82370 DMA Controller 
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The 82370 DMA Controller transfers blocks of data 
(buffers) in three modes: Single Buffer, Buffer Auto- 
Initialize, and Buffer Chaining. In the Single Buffer 
Process, the 82370 DMA Controller is programmed 
to transfer one particular block of data. Successive 
transfers then require reprogramming of the DMA 
channel. Single Buffer transfers are useful in sys- 
tems where it is known at the time the transfer be- 
gins what quantity of data is to be transferred, and 
there is a contiguous block of data area available. 

The Buffer Auto-Initialize Process allows the same 
data area to be used for successive DMA transfers 
without having to reprogram the channel. 

The Buffer Chaining Process allows a program to 
specify a list of buffer transfers to be executed. The 
82370 DMA Controller, through interrupt routines, is 
reprogrammed from the list. The channel is repro- 
grammed for a new buffer before the current buffer 
transfer is complete. This pipelining of the channel 
programming process allows the system to allocate 
non-contiguous blocks of data storage space, and 
transfer all of the data with one DMA process. The 
buffers that make up the chain do not have to be in 
contiguous locations. 

Channel priority can be fixed or rotating. Fixed priori- 
ty allows the programmer to define the priority of 
DMA channels based on hardware or other fixed pa- 



rameters. Rotating priority is used to provide periph- 
erals access to the bus on a shared basis. 

With fixed priority, the programmer can set any 
channel to have the current lowest priority. This al- 
lows the user to reset or manually rotate the priority 
schedule without reprogramming the command reg- 
isters. 



1.1.2 PROGRAMMABLE INTERVAL TIMERS 

Four 16-bit programmable interval timers reside 
within the 82370. These timers are identical in func- 
tion to the timers in the 82C54 Programmable Inter- 
val Timer. All four of the timers share a common 
clock input which can be independent of the system 
clock. The timers are capable of operating in six dif- 
ferent modes. In all of the modes, the current count 
can be latched and read by the 80376 at any time, 
making these very versatile event timers. Figure 1-3 
shows the functional components of the Program- 
mable Interval Timers. 

The outputs of the timers are directed to key system 
functions, making system design simpler. Timer is 
routed directly to an interrupt input and is not avail- 
able externally. This timer would typically be used to 
generate time-keeping interrupts. 
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Figure 1-3. Programmable Interval Timers— Block Diagram 
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Timers 1 and 2 have outputs which are available for 
general timer/counter purposes as well as special 
functions. Timer 1 is routed to the refresh control 
logic to provide refresh timing. Timer 2 is connected 
to an interrupt request input to provide other timer 
functions. Timer 3 is a general purpose timer/coun- 
ter whose output is available to external hardware. It 
is also connected internally to the interrupt request 
which defaults to the highest priority (IRQO). 

1.1.3 INTERRUPT CONTROLLER 

The 82370 has the equivalent of three enhanced 
82C59A Programmable Interrupt Controllers. These 
controllers can all be operated in the Master Mode, 
but the priority is always as if they were cascaded. 
There are 15 interrupt request inputs provided for 
the user, all of which can be inputs from external 
slave interrupt controllers. Cascading 82C59As to 
these request inputs allows a possible total of 120 
external interrupt requests. Figure 1-4 is a block dia- 
gram of the 82370 Interrupt Controller. 

Each of the interrupt request inputs can be individu- 
ally programmed with its own interrupt vector, allow- 
ing more flexibility in interrupt vector mapping than 



was available with the 82C59A. An interrupt is pro- 
vided to alert the system that an attempt is being 
made to program the vectors in the method of the 
82C59A. This provides compatibility of existing soft- 
ware that used the 82C59A or 8259A with new de- 
signs using the 82370. 

In the event of an unrequested or otherwise errone- 
ous interrupt acknowledge cycle, the 82370 Interrupt 
Controller issues a default vector. This vector, pro- 
grammed by the system software, will alert the sys- 
tem of unsolicited interrupts of the 80376. 

The functions of the 82370 Interrupt Controller are 
identical to the 82C59A, except in regards to pro- 
gramming the interrupt vectors as mentioned above. 
Interrupt request inputs are programmable as either 
edge or level triggered and are software maskable. 
Priority can be either fixed or rotating and interrupt 
requests can be nested. 

Enhancements are added to the 82370 for cascad- 
ing external interrupt controllers. Master to Slave 
handshaking takes place on the data bus, instead of 
dedicated cascade lines. 
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Figure 1-4. 82370 Interrupt Controller— Block Diagram 
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1.1.4 WAIT STATE GENERATOR 

The Wait State Generator is a programmable 
READY generation circuit for the 80376 bus. A pe- 
ripheral requiring wait states can request the Wait 
State Generator to hold the processor's READY in- 
put inactive for a predetermined number of bus 
states. Six different wait state counts can be pro- 
grammed into the Wait State Generator by software; 
three for memory accesses and three for I/O ac- 
cesses. A block diagram of the 82370 Wait State 
Generator is shown in Figure 1 -5. 

The peripheral being accessed selects the required 
wait state count by placing a code on a 2-bit wait 
state select bus. This code along with the M/IO# 
signal from the bus master is used to select one of 
six internal 4-bit wait state registers which has been 
programmed with the desired number of wait states. 
From zero to fifteen wait states can be programmed 
into the wait state registers. The Wait State genera- 
tor tracks the state of the processor or current bus 
master at all times, regardless of which device is the 
current bus master and regardless of whether or not 
the wait state generator is currently active. 

The 82370 Wait State Generator is disabled by mak- 
ing the select inputs both high. This allows hardware 
which is intelligent enough to generate its own ready 
signal to be accessed without penalty. As previously 
mentioned, deselecting the Wait State Generator 
does not disable its ability to determine the proper 
number of wait states due to pipeline status in sub- 
sequent bus cycles. 

The number of wait states inserted into a pipelined 
bus cycle is the value in the selected wait state reg- 
ister. If the bus master is operating in the non-pipe- 
lined mode, the Wait State Generator will increase 
the number of wait states inserted into the bus cycle 
by one. 



On reset, the Wait State Generator's registers are 
loaded with the value FFH, giving the maximum 
number of wait states for any access in which the 
wait state select inputs are active. 

1.1.5 DRAM REFRESH CONTROLLER 

The 82370 DRAM Refresh Controller consists of a 
24-bit refresh address counter and bus arbitration 
logic. The output of Timer 1 is used to periodically 
request a refresh cycle. When the controller re- 
ceives the request, it requests access to the system 
bus through the HOLD signal. When bus control is 
acknowledged by the processor or current bus mas- 
ter, the refresh controller executes a memory read 
operation at the address currently in the Refresh Ad- 
dress Register. At the same time, it activates a re- 
fresh signal (REF#) that the memory uses to force a 
refresh instead of a normal read. Control of the bus 
is transferred to the processor at the completion of 
this cycle. Typically a refresh cycle will take six clock 
cycles to execute on an 80376 bus. 

The 82370 DRAM Refresh Controller has the high- 
est priority when requesting bus access and will in- 
terrupt any active DMA process. This allows large 
blocks of data to be moved by the DMA controller 
without affecting the refresh function. Also the DMA 
controller is not required to completely relinquish the 
bus, the refresh controller simply steals a bus cycle 
between DMA accesses. 

The amount by which the refresh address is incre- 
mented is programmable to allow for different bus 
widths and memory bank arrangements. 

1.1.6 CPU RESET FUNCTION 

The 82370 contains a special reset function which 
can respond to hardware reset signals as well as a 
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Figure 1-5. 82370 Wait State Generator—- Block Diagram 
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software reset command. The circuit will hold the 
80376's RESET line active while an external hard- 
ware reset signal is present at its RESET input. It 
can also reset the 80376 processor as the result of a 
software command. The software reset command 
causes the 82370 to hold the processor's RESET 
line active for a minimum of 62 clock cycles. The 
80376 requires that its RESET line be held active for 
a minimum of 80 clock cycles to re-initialize. For a 
more detailed explanation and solution, see Appen- 
dix D (System Notes). 

The 82370 can be programmed to sense the shut- 
down detect code on the status lines from the 
80376. If the Shutdown Detect function is enabled, 
the 82370 will automatically reset the processor. A 
diagnostic register is available which can be used to 
determine the cause of reset. 



1.1.7 REGISTER MAP RELOCATION 

After a hardware reset, the internal registers of the 
82370 are located in I/O space beginning at port 
address 0000H. The map of the 82370's registers is 
relocatable via a software command. The default 
mapping places the 82370 between I/O addresses 
0000H and 00DBH. The relocation register allows 
this map to be moved to any even 256-byte bounda- 
ry in the processor's 16-bit I/O address space or any 
even 64 kbyte boundary in the 24-bit memory ad- 
dress space. 



1.2 Host Interface 

The 82370 is designed to operate efficiently on the 
local bus of an 80376 microprocessor. The control 
signals of the 82370 are identical in function to 
those of the 80376. As a slave, the 82370 operates 
with all of the features available on the 80376 bus. 
When the 82370 is in the Master Mode, it looks iden- 
tical to an 80376 to the connected devices. 

The 82370 monitors the bus at all times, and deter- 
mines whether the current bus cycle is a pipelined or 
non-pipelined access. All of the status signals of the 
processor are monitored. 

The control, status, and data registers within the 
82370 are located at fixed addresses relative to 
each other, but the group can be relocated to either 
memory or I/O space and to different locations with- 
in those spaces. 

As a Slave device, the 82370 monitors the control/ 
status lines of the CPU. The 82370 will generate all 
of the wait states it needs whenever it is accessed. 
This allows the programmer the freedom of access- 



ing 82370 registers without having to insert NOPs in 
the program to wait for slower 82370 internal regis- 
ters. 

The 82370 can determine if a current bus cycle is a 
pipelined or a non-pipelined cycle. It does this by 
monitoring the ADS#, NA# and READY # signals 
and thereby keeping track of the current state of the 
80376. 

As a bus master, the 82370 looks like an 80376 to 
the rest of the system. This enables the designer 
greater flexibility in systems which include the 
82370. The designer does not have to alter the inter- 
faces of any peripherals designed to operate with 
the 80376 to accommodate the 82370. The 82370 
will access any peripherals on the bus in the same 
manner as the 80376, including recognizing pipe- 
lined bus cycles. 

The 82370 is accessed as an 8-bit peripheral. The 
80376 places the data of all 8-bit accesses either on 
D(0-7) or D(8-15). The 82370 will only accept data 
on these lines when in the Slave Mode. When in the 
Master Mode, the 82370 is a full 16-bit machine, 
sending and receiving data in the same manner as 
the 80376. 



2.0 80376 HOST INTERFACE 

The 82370 contains a set of interface signals to op- 
erate efficiently with the 80376 host processor. 
These signals were designed so that minimal hard- 
ware is needed to connect the 82370 to the 80376. 
Figure 2-1 depicts a typical system configuration 
with the 80376 processor. As shown in the diagram, 
the 82370 is designed to interface directly with the 
80376 bus. 

Since the 82370 resides on the opposite side of the 
data bus transceivers with respect to the rest of the 
system peripherals, it is important to note that the 
transceivers should be controlled so that contention 
between the data bus transceivers and the 82370 
will not occur. In order to ease the implementation of 
this, the 82370 activates the CHPSEL# signal which 
indicates that the 82370 has been addressed and 
may output data. This signal should be included in 
the direction and enable control logic of the trans- 
ceiver. When any of the 82370 internal registers are 
read, the data bus transceivers should be disabled 
so that only the 82370 will drive the local bus. 

This section describes the basic bus functions of the 
82370 to show how this device interacts with the 
80376 processor. Other signals which are not direct- 
ly related to the host interface will be discussed in 
their associated functional block description. 
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Figure 2-1. 80376/82370 System Configuration 



2.1 Master and Slave Modes 

At any time, the 82370 acts as either a Slave device 
or a Master device in the system. Upon reset, the 
82370 will be in the Slave Mode. In this mode, the 
80376 processor can read/write into the 82370 in- 
ternal registers. Initialization information may be pro- 
grammed into the 82370 during Slave Mode. 

When DMA service (including DRAM Refresh Cycles 
generated by the 82370) is requested, the 82370 will 
request and subsequently get control of the 80376 
local bus. This is done through the HOLD and HLDA 
(Hold Acknowledge) signals. When the 80376 proc- 



essor responds by asserting the HLDA signal, the 
82370 will switch into Master Mode and perform 
DMA transfers. In this mode, the 82370 is the bus 
master of the system. It can read/write data from/to 
memory and peripheral devices. The 82370 will re- 
turn to the Slave Mode upon completion of DMA 
transfers, or when HLDA is negated. 



2.2 80376 Interface Signals 

As mentioned in the Architecture section, the Bus 
Interface module of the 82370 (see Figure 1-1) con- 
tains signals that are directly connected to the 
80376 host processor. This module has separate 
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16-bit Data and 24-bit Address busses. Also, it has 
additional control signals to support different bus op- 
erations on the system. By residing on the 80376 
local bus, the 82370 shares the same address, data 
and control lines with the processor. The following 
subsections discuss the signals which interface to 
the 80376 host processor. 

2.2.1 CLOCK (CLK2) 

The CLK2 input provides fundamental timing for the 
82370. It is divided by two internally to generate the 
82370 internal clock. Therefore, CLK2 should be 
driven with twice the 80376's frequency. In order to 
maintain synchronization with the 80376 host proc- 
essor, the 82370 and the 80376 should share a 
common clock source. 

The internal clock consists of two phases: PHI1 and 
PHI2. Each CLK2 period is a phase of the internal 
clock. PHI2 is usually used to sample input and set 
up internal signals and PHI1 is for latching internal 
data. Figure 2-2 illustrates the relationship of CLK2 
and the 82370 internal clock signals. The CPURST 
signal generated by the 82370 guarantees that the 
80376 will wake up in phase with PHIL 



2.2.2 DATA BUS (D -Di 5 ) 

This 16-bit three-state bidirectional bus provides a 
general purpose data path between the 82370 and 
the system. These pins are tied directly to the corre- 
sponding Data Bus pins of the 80376 local bus. The 
Data Bus is also used for interrupt vectors generated 
by the 82370 in the Interrupt Acknowledge cycle. 

During Slave I/O operations, the 82370 expects a 
single byte to be written or read. When the 80376 
host processor writes into the 82370, either D0-D7 
or D8-D15 will be latched into the 82370, depending 



upon whether Byte Enable bit BLE# is or 1 (see 
Table 2-1). When the 80376 host processor reads 
from the 82370, the single byte data will be duplicat- 
ed twice on the Data Bus; i.e. on D0-D7 and Ds- 
D15. 

During Master Mode, the 82370 can transfer 16-, 
and 8-bit data between memory (or I/O devices) and 
I/O devices (or memory) via the Data Bus. 

2.2.3 ADDRESS BUS (A 23 -A 1 ) 

These three-state bidirectional signals are connect- 
ed directly to the 80376 Address Bus. In the Slave 
Mode, they are used as input signals so that the 
processor can address the 82370 internal ports/reg- 
isters. In the Master Mode, they are used as output 
signals by the 82370 to address memory and periph- 
eral devices. The Address Bus is capable of ad- 
dressing 16 Mbytes of physical memory space 
(000000H to FFFFFFH), and 64 Kbytes of I/O ad- 
dresses. 



2.2.4 BYTE ENABLE (BHE#, BLE#) 

The Byte Enable pins BHE# and BLE# select the 
specific byte(s) in the word addressed by A1 -A23. 
During Master Mode operation, it is used as an out- 
put by the 82370 to address memory and I/O loca- 
tions. The definition of BHE# and BLE# is further 
illustrated in Table 2-1 . 

NOTE: 

The 82370 will activate BHE# when output in Mas- 
ter Mode. For a more detailed explanation and its 
solutions, see Appendix D (System Notes). 



82370 CLOCK PERIOD 
CLK2 PERIOD 
211 I 02 



82370 CLOCK PERIOD 

CLK2 PERIOD 

01 I 02 



82370 CLOCK PERIOD 

CLK2 PERIOD 

01 I 02 



CLK2 
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Figure 2-2. CLK2 and 82370 Internal Clock 
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As an output (Master Mode): 



Table 2-1. Byte Enable Signals 



BHE# 


BLE# 


Byte to be Accessed 
Relative to A23-A1 


Logical Byte Presented on 
Data Bus During WRITE Only 41 
D-I5-D8 D7-D0 




1 
1 




1 


1 


0,1 

1 



(Not Used) 


B A 
A A 
U A 



U = Undefined 
A - Logical D0-D7 
B = Logical Ds-D-is 

*NOTE: 

Actual number of bytes accessed depends upon the programmed data path width. 







Table 2-2. Bus Cycle Definition 




M/IO# 


D/C# 


W/R# 


As INPUTS 


As OUTPUTS 











Interrupt Acknowledge 


NOT GENERATED 








1 


UNDEFINED 


NOT GENERATED 





1 





I/O Read 


I/O Read 





1 


1 


I/O Write 


I/O Write 


1 








UNDEFINED 


NOT GENERATED 


1 





1 


HALT if Ai = 1 
SHUTDOWN if Ai = 


NOT GENERATED 


1 


1 





Memory Read 


Memory Read 


1 


1 


1 


Memory Write 


Memory Write 



2.2.5 BUS CYCLE DEFINITION SIGNALS 
(D/C#, W/R#, M/IO#) 

These three-state bidirectional signals define the 
type of bus cycle being performed. W/R# distin- 
guishes between write and read cycles. D/C# dis- 
tinguishes between processor data and control cy- 
cles. M/IO# distinguishes between memory and I/O 
cycles. 

During Slave Mode, these signals are driven by the 
80376 host processor; during Master Mode, they are 
driven by the 82370. In either mode, these signals 
will be valid when the Address Status (ADS#) is 
driven LOW. Exact bus cycle definitions are given in 
Table 2-2. Note that some combinations are recog- 
nized as inputs, but not generated as outputs. In the 
Master Mode, D/C# is always HIGH. 

2.2.6 ADDRESS STATUS (ADS#) 

This signal indicates that a valid address (A1 -A23, 
BHE#, BLE#) and bus cycle definition (W/R#, 
D/C#, M/IO#) is being driven on the bus. In the 
Master Mode, it is driven by the 82370 as an output. 
In the Slave Mode, this signal is monitored as 



an input by the 82370. By the current and past 
status of ADS# and the READY # input, the 82370 
is able to determine, during Slave Mode, if the next 
bus cycle is a pipelined address cycle. ADS# is as- 
serted during T1 and T2P bus states (see Bus State 
Definition). 

NOTE: 

ADS# must be qualified with the rising edge of 
CLK2. 



2.2.7 TRANSFER ACKNOWLEDGE (READY #) 

This input indicates that the current bus cycle is 
complete. In the Master Mode, assertion of this sig- 
nal indicates the end of a DMA bus cycle. In the 
Slave Mode, the 82370 monitors this input and 
ADS# to detect a pipelined address cycle. This sig- 
nal should be tied directly to the READY # input of 
the 80376 host processor. 



2.2.8 NEXT ADDRESS REQUEST (NA#) 

This input is used to indicate to the 82370 in the 
Master Mode that the system is requesting address 
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pipelining. When driven LOW by either memory or 
peripheral devices during Master Mode, it indicates 
that the system is prepared to accept a new address 
and bus cycle definition signals from the 82370 be- 
fore the end of the current bus cycle. If this input is 
active when sampled by the 82370, the next address 
is driven onto the bus, provided a bus request is 
already pending internally. 

This input pin is monitored only in the Master Mode. 
In the Slave Mode, the 82370 uses the ADS# and 
READY # signals to determine address pipelining 
cycles, and NA# will be ignored. 

2.2.9 RESET (RESET, CPURST) 
RESET 

This synchronous input suspends any operation in 
progress and places the 82370 in a known initial 
state. Upon reset, the 82370 will be in the Slave 
Mode waiting to be initialized by the 80376 host 
processor. The 82370 is reset by asserting RESET 
for 15 or more CLK2 periods. When RESET is as- 
serted, all other input pins are ignored, and all other 
bus pins are driven to an idle bus state as shown in 
Table 2-3. The 82370 will determine the phase of its 
internal clock following RESET going inactive. 

RESET is level-sensitive and must be synchronous 
to the CLK2 signal. The RESET setup and hold time 
requirements are shown in Figure 2-3. 



Table 2-3. Output Signals Following RESET 



Signal 


Level 


A1-A23, Do-D 15 , BHE#, BLE# 


Float 


D/C#, W/R#, M/IO#, ADS# 


Float 


READYO# 


T 


EOP# 


T (Weak Pull-UP) 


EDACK2-EDACK0 


'100' 


HOLD 


'0' 


INT 


UNDEFINED* 


TOUT1/REF#, 


UNDEFINED* 


TOUT2#/IRQ3#, TOUT3# 




CPURST 


*0' 


CHPSEL# 


T 



*NOTE: 

The Interrupt Controller and Programmable Interval Timer 
are initialized by software commands. 

CPURST 

This output signal is used to reset the 80376 host 
processor. It will go active (HIGH) whenever one of 
the following events occurs: a) 82370's RESET input 
is active; b) a software RESET command is issued 
to the 82370; or c) when the 82370 detects a proc- 
essor Shutdown cycle and when this detection fea- 
ture is enabled (see CPU Reset and Shutdown De- 
tect). When activated, CPURST will be held active 
for 62 clocks. The timing of CPURST is such that the 
80376 processor will be in synchronization with the 
82370. This timing is shown in Figure 2-4. 
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Figure 2-3. RESET Timing 
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Figure 2-4. CPURST Timing 
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2.2.10 INTERRUPT OUT (INT) 

This output pin is used to signal the 80376 host 
processor that one or more interrupt requests (either 
internal or external) are pending. The processor is 
expected to respond with an Interrupt Acknowledge 
cycle. This signal should be connected directly to 
the Maskable Interrupt Request (INTR) input of the 
80376 host processor. 



2.3 82370 Bus Timing 

The 82370 internally divides the CLK2 signal by two 
to generate its internal clock. Figure 2-2 showed the 
relationship of CLK2 and the internal clock which 
consists of two phases: PHI1 and PHI2. Each CLK2 
period is a phase of the internal clock. 

In the 82370, whether it is in the Master or Slave 
Mode, the shortest time unit of bus activity is a bus 
state. A bus state, which is also referred as a 
T-state', is defined as one 82370 PHI2 clock period 
(i.e. two CLK2 periods). Recall in Table 2-2 various 
types of bus cycles in the 82370 are defined by the 
M/IO#, D/C# and W/R# signals. Each of these 
bus cycles is composed of two or more bus states. 
The length of a bus cycle depends on when the 
READY # input is asserted (i.e. driven LOW). 



2.3.1 ADDRESS PIPELINING 

The 82370 supports Address Pipelining as an option 
in both the Master and Slave Mode. This feature typ- 
ically allows a memory or peripheral device to oper- 
ate with one less wait state than would otherwise be 
required. This is possible because during a pipelined 
cycle, the address and bus cycle definition of the 
next cycle will be generated by the bus master while 
waiting for the end of the current cycle to be ac- 
knowledged. The pipelined bus is especially well 
suited for an interleaved memory environment. For 
16 MHz interleaved memory designs with 100 ns ac- 
cess time DRAMs, zero wait state memory accesses 
can be achieved when pipelined addressing is se- 
lected. 

In the Master Mode, the 82370 is capable of initiat- 
ing, on a cycle-by-cycle basis, either a pipelined or 
non-pipelined access depending upon the state of 
the NA# input. If a pipelined cycle is requested (indi- 
cated by NA# being driven LOW), the 82370 will 
drive the address and bus cycle definition of the next 
cycle as soon as there is an internal bus request 
pending. 

In the Slave Mode, the 82370 is constantly monitor- 
ing the ADS# and READY # signals on the proces- 
sor local bus to determine if the current bus cycle is 



a pipelined cycle. If a pipelined cycle is detected, the 
82370 will request one less wait state from the proc- 
essor if the Wait State Generator feature is selected. 
On the other hand, during an 82370 internal register 
access in a pipelined cycle, it will make use of the 
advance address and bus cycle information. In all 
cases, Address Pipelining will result in a savings of 
one wait state. 

2.3.2 MASTER MODE BUS TIMING 

When the 82370 is in the Master Mode, it will be in 
one of six bus states. Figure 2-5 shows the complete 
bus state diagram of the Master Mode, including 
pipelined address states. As seen in the figure, the 
82370 state diagram is very similar to that of the 
80376. The major difference is that in the 82370, 
there is no Hold state. Also, in the 82370, the condi- 
tions for some state transitions depend upon wheth- 
er it is the end of a DMA process. 

NOTE: 

The term 'end of a DMA process' is loosely defined 
here. It depends on the DMA modes of operation 
as well as the state of the EOP# and DREQ in- 
puts. This is expained in detail in section 3 — DMA 
Controller. 

The 82370 will enter the idle state, Ti, upon RESET 
and whenever the internal address is not available at 
the end of a DMA cycle or at the end of a DMA 
process. When address pipelining is not used (NA# 
is not asserted), a new bus cycle always begins with 
state T1 . During T1 , address and bus cycle definition 
signals will be driven on the bus. T1 is always fol- 
lowed by T2. 

If a bus cycle is not acknowledged (with READY #) 
during T2 and NA# is negated, T2 will be repeated. 
When the end of the bus cycle is acknowledged dur- 
ing T2, the following state will be T1 of the next bus 
cycle (if the internal address latch is loaded and if 
this is not the end of the DMA process). Otherwise, 
the Ti state will be entered. Therefore, if the memory 
or peripheral accessed is fast enough to respond 
within the first T2, the fastest non-pipelined cycle will 
take one T1 and one T2 state. 

Use of the address pipelining feature allows the 
82370 to enter three additional bus states: T1 P, T2P 
and T2i. T1 P is the first bus state of a pipelined bus 
cycle. T2P follows T1P (or T2) if NA# is asserted 
when sampled. The 82370 will drive the bus with the 
address and bus cycle definition signals of the next 
cycle during T2P. From the state diagram, it can be 
seen that after an idle state Ti, the first bus cycle 
must begin with T1 , and is therefore a non-pipelined 
bus cycle. The next bus cycle can be pipelined if 
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NA# is asserted and the previous bus cycle ended 
in a T2P state. Once the 82370 is in a pipelined 
cycle and provided that NA# is asserted in subse- 
quent cycles, the 82370 will be switching between 
T1P and T2P states. If the end of the current bus 
cycle is not acknowledged by the READY # input, 
the 82370 will extend the cycle by adding T2P 
states. The fastest pipelined cycle will consist of one 
TIPand one T2P state. 

The 82370 will enter state T2i when NA# is assert- 
ed and when one of the following two conditions 
occurs. The first condition is when the 82370 is in 
state T2. T2i will be entered if READY# is not as- 
serted and there is no next address available. This 
situation is similar to a wait state. The 82370 will stay 
in T2i for as long as this condition exists. The sec- 
ond condition which will cause the 82370 to enter 
T2i is when the 82370 is in state T1 P. Before going 
to state T2P, the 82370 needs to wait in state T2i 
until the next address is available. Also, in both cas- 
es, if the DMA process is complete, the 82370 will 
enter the T2i state in order to finish the current DMA 
cycle. 

Figure 2-6 is a timing diagram showing non-pipelined 
bus accesses in the Master Mode. Figure 2-7 shows 
the timing of pipelined accesses in the Master Mode. 



2.3.3 SLAVE MODE BUS TIMING 

Figure 2-8 shows the Slave Mode bus timing in both 
pipelined and non-pipelined cycles when the 82370 
is being accessed. Recall that during Slave Mode, 
the 82370 will constantly monitor the ADS# and 
READY # signals to determine if the next cycle is 
pipelined. In Figure 2-8, the first cycle is non-pipe- 
lined and the second cycle is pipelined. In the pipe- 
lined cycle, the 82370 will start decoding the ad- 
dress and bus cycle signals one bus state earlier 
than in a non-pipelined cycle. 

The READY# input signal is sampled by the 80376 
host processor to determine the completion of a bus 
cycle. This occurs during the end of every T2, T2i 
and T2P state. Normally, the output of the 82370 
Wait State Generator, READYO#, is directly con- 
nected to the READY # input of the 80376 host 
processor and the 82370. In such case, READYO# 
and READY# will be identical (see Wait State Gen- 
erator). 



READYf Asserted. [Not ADAV+ End of DMA] 




Not ADAV. READY# Negated 
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NOTE: 

ADAV— Internal Address Available 



Figure 2-5. Master Mode State Diagram 
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Figure 2-6. Non-Pipelined Bus Cycles 
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Figure 2-7. Pipelined Bus Cycles 
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NA# is shown here oniy for timing reference. It is not sampled by the 82370 during Slave Mode. 

When the 82370 registers are accessed, it will take one or more wait states in pipelined and two or more wait states in 

non-pipelined cycle to complete the internal access. 



Figure 2*8. Slave Read/Write Timing 



3.0 DMA CONTROLLER 



The 82370 DMA Controller is capable of transferring 
data between any combination of memory and/or 
I/O, with any combination of data path widths. The 
82370 DMA Controller can be programmed to ac- 
commodate 8- or 16-bit devices. With its 16-bit ex- 
ternal data path, it can transfer data in units of byte 
or a word. Bus bandwidth is optimized through the 
use of an internal temporary register which can dis- 
assemble or assemble data to or from either an 
aligned or non-aligned destination or source. Figure 
3-1 is a block diagram of the 82370 DMA Controller. 



The 82370 has eight channels of DMA. Each chan- 
nel operates independently of the others. Within the 
operation of the individual channels, there are many 
different modes of data transfer available. Many of 
the operating modes can be intermixed to provide a 
very versatile DMA controller. 



3.1 Functional Description 

In describing the operation of the 82370's DMA Con- 
troller, close attention to terminology is required. Be- 
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Figure 3-1. 82370 DMA Controller Block Diagram 



fore entering the discussion of the function of the 
82370 DMA Controller, the following explanations of 
some of the terminology used herein may be of ben- 
efit. First, a few terms for clarification: 

DMA PROCESS— A DMA process is the execution 
of a programmed DMA task from beginning to end. 
Each DMA process requires intitial programming by 
the host 80376 microprocessor. 

BUFFER — A contiguous block of data. 

BUFFER TRANSFER— The action required by the 
DMA to transfer an entire buffer. 

DATA TRANSFER— The DMA action in which a 
group of bytes or words are moved between devices 
by the DMA Controller. A data transfer operation 
may involve movement of one or many bytes. 

BUS CYCLE— Access by the DMA to a single byte 
or word. 

Each DMA channel consists of three major compo- 
nents. These components are identified by the con- 
tents of programmable registers which define the 



memory or I/O devices being serviced by the DMA. 
They are the Target, the Requester, and the Byte 
Count. They will be defined generically here and in 
greater detail in the DMA register definition section. 

The Requester is the device which requires service 
by the 82370 DMA Controller, and makes the re- 
quest for service. All of the control signals which the 
DMA monitors or generates for specific channels 
are logically related to the Requester. Only the Re- 
quester is considered capable of initiating or termi- 
nating a DMA process. 

The Target is the device with which the Requester 
wishes to communicate. As far as the DMA process 
is concerned, the Target is a slave which is incapa- 
ble of control over the process. 

The direction of data transfer can be either from Re- 
quester to Target or from Target to Requester; i.e. 
each can be either a source or a destination. 

The Requester and Target may each be either I/O 
or memory. Each has an address associated with it 
that can be incremented, decremented, or held con- 
stant. The addresses are stored in the Requester 
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Address Registers and Target Address Registers, 
respectively. These registers have two parts: one 
which contains the current address being used in the 
DMA process (Current Address Register), and one 
which holds the programmed base address (Base 
Address Register). The contents of the Base Regis- 
ters are never changed by the 82370 DMA Control- 
ler. The Current Registers are incremented or decre- 
mented according to the progress of the DMA pro- 
cess. 

The Byte Count is the component of the DMA pro- 
cess which dictates the amount of data which must 
be transferred. Current and Base Byte Count Regis- 
ters are provided. The Current Byte Count Register 
is decremented once for each byte transferred by 
the DMA process. When the register is decremented 
past zero, the Byte Count is considered 'expired' 
and the process is terminated or restarted, depend- 
ing on the mode of operation of the channel. The 
point at which the Byte Count expires is called Ter- 
minal Count' and several status signals are depen- 
dent on this event. 

Each channel of the 82370 DMA Controller also 
contains a 32-bit Temporary Register for use in as- 
sembling and disassembling non-aligned data. The 
operation of this register is transparent to the user, 
although the contents of it may affect the timing of 
some DMA handshake sequences. Since there is 
data storage available for each channel, the DMA 
Controller can be interrupted without loss of data. 

To avoid unexpected results, care should be taken 
in programming the byte count correctly when as- 
sembing and disassembling non-aligned data. For 
example: 

Words to Bytes: 

Transferring two words to bytes, but setting the byte 
count to three, will result in three bytes transferred 
and the final byte flushed. 

Bytes to Words: 

Transferring six bytes to three words, but setting the 
byte count to five, will result in the sixth byte trans- 
ferred being undefined. 

The 82370 DMA Controller is a slave on the bus until 
a request for DMA service is received via either a 
software request command or a hardware request 
signal. The host processor may access any of the 
control /status or channel registers at any time the 
82370 is a bus slave. Figure 3-2 shows the flow of 
operations that the DMA Controller performs. 

At the time a DMA service request is received, the 
DMA Controller issues a bus hold request to the 
host processor. The 82370 becomes the bus master 
when the host relinquishes the bus by asserting a 



hold acknowledge signal. The channel to be serv- 
iced will be the one with the highest priority at the 
time the DMA Controller becomes the bus master. 
The DMA Controller will remain in control of the bus 
until the hold acknowledge signal is removed, or un- 
til the current DMA transfer is complete. 

While the 82370 DMA Controller has control of the 
bus, it will perform the required data transfer(s). The 
type of transfer, source and destination addresses, 
and amount of data to transfer are programmed in 
the control registers of the DMA channel which re- 
ceived the request for service. 

At completion of the DMA process, the 82370 will 
remove the bus hold request. At this time the 82370 
becomes a slave again, and the host returns to be- 
ing a master. If there are other DMA channels with 
requests pending, the controller will again assert the 
hold request signal and restart the bus arbitration 
and switching process. 
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Figure 3-2. Flow of DMA Controller Operation 



3.2 Interface Signals 

There are fourteen control signals dedicated to the 
DMA process. They include eight DMA Channel Re- 
quests (DREQn), three Encoded DMA Acknowledge 
signals (EDACKn), Processor Hold and Hold Ac- 
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Figure 3-3. Requester, Target and DMA Controller Interconnection 



knowledge (HOLD, HLDA), and End-of-Process 
(EOP#). The DREQn inputs and EDACK (0-2) out- 
puts are handshake signals to the devices requiring 
DMA service. The HOLD output and HLDA input are 
handshake signals to the host processor. Figure 3-3 
shows these signals and how they interconnect be- 
tween the 82370 DMA Controller, and the Requester 
and Target devices. 

3.2.1 DREQn and EDACK (0-2) 

These signals are the handshake signals between 
the peripheral and the 82370. When the peripheral 
requires DMA service, it asserts the DREQn signal 
of the channel which is programmed to perform the 
service. The 82370 arbitrates the DREQn against 
other pending requests and begins the DMA pro- 
cess after finishing other higher priority processes. 

When the DMA service for the requested channel is 
in progress, the EDACK (0-2) signals represent the 
DMA channel which is accessing the Requester. 
The 3-bit code on the EDACK (0-2) lines indicates 
the number of the channel presently being serviced. 
Table 3-2 shows the encoding of these signals. Note 
that Channel 4 does not have a corresponding hard- 
ware acknowledge. 

The DMA acknowledge (EDACK) signals indicate 
the active channel only during DMA accesses to the 
Requester. During accesses to the Target, EDACK 
(0-2) has the idle code (100). EDACK (0-2) can 
thus be used to select a Requester device during a 
transfer. 

DREQn can be programmed as either an Asynchro- 
nous or Synchronous input. See section 3.4.1 for de- 
tails on synchronous versus asynchronous operation 
of these pins. 
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The EDACKn signals are always active. They either 
indicate 'no acknowledge' or they indicate a bus ac- 
cess to the requester. The acknowledge code is ei- 
ther 1 00, for an idle DMA or during a DMA access to 
the Target, or 'n' during a Requester access, where 
n is the binary value representing the channel. A 
simple 3-line to 8-line decoder can be used to pro- 
vide discrete acknowledge signals for the peripher- 
als. 

3.2.2 HOLD AND HLDA 

The Hold Request (HOLD) and Hold Acknowledge 
(HLDA) signals are the handshake signals between 
the DMA Controller and the host processor. HOLD is 
an output from the 82370 and HLDA is an input. 
HOLD is asserted by the DMA Controller when there 
is a pending DMA request, thus requesting the proc- 
essor to give up control of the bus so the DMA pro- 
cess can take place. The 80376 responds by assert- 
ing HLDA when it is ready to relinquish control of the 
bus. 
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The 82370 will begin operations on the bus one 
clock cycle after the HLDA signal goes active. For 
this reason, other devices on the bus should be in 
the slave mode when HLDA is active. 

HOLD and HLDA should not be used to gate or se- 
lect peripherals requesting DMA service. This is be- 
cause of the use of DMA-like operations by the 
DRAM Refresh Controller. The Refresh Controller is 
arbitrated with the DMA Controller for control of the 
bus, and refresh cycles have the highest priority. A 
refresh cycle will take place between DMA cycles 
without relinquishing bus control. See section 3.4.3 
for a more detailed discussion of the interaction be- 
tween the DMA Controller and the DRAM Refresh 
Controller. 



3.2.3 EOP# 

EOP# is a bi-directional signal used to indicate the 
end of a DMA process. The 82370 activates this as 
an output during the T2 states of the last Requester 
bus cycle for which a channel is programmed to exe- 
cute. The Requester should respond by either with- 
drawing its DMA request, or interrupting the host 
processor to indicate that the channel needs to be 
programmed with a new buffer. As an input, this sig- 
nal is used to tell the DMA Controller that the periph- 
eral being serviced does not require any more data 
to be transferred. This indicates that the current 
buffer is to be terminated. 

EOP# can be programmed as either an Asynchro- 
nous or a Synchronous input. See section 3.4.1 for 
details on synchronous versus asynchronous opera- 
tion of this pin. 



3.3 Modes of Operation 

The 82370 DMA Controller has many independent 
operating functions. When designing peripheral in- 
terfaces for the 82370 DMA Controller, all of the 
functions or modes must be considered. All of the 
channels are independent of each other (except in 
priority of operation) and can operate in any of the 
modes. Many of the operating modes, though inde- 
pendently programmable, affect the operation of 
other modes. Because of the large number of com- 
binations possible, each programmable mode is dis- 
cussed here with its affects on the operation of other 
modes. The entire list of possible combinations will 
not be presented. 

Table 3-1 shows the categories of DMA features 
available in the 82370. Each of the five major cate- 
gories is independent of the others, The sub-catego- 
ries are the available modes within the major func- 



Table 3-1. DMA Operating Modes 



I. TARGET/REQUESTER DEFINITION 

a. Data Transfer Direction 

b. Device Type 

II. BUFFER PROCESSES 

a. Single Buffer Process 

b. Buffer Auto-Initialize Process 

c. Buffer Chaining Process 

III. DATA TRANSFER/HANDSHAKE MODES 

a. Single Transfer Mode 

b. Demand Transfer Mode 

c. Block Transfer Mode 

d. Cascade Mode 

IV. PRIORITY ARBITRATION 

a. Fixed 

b. Rotating 

c. Programmable Fixed 

V. BUS OPERATION 

a. Fly-By (Single-Cycle)/Two-Cycle 

b. Data Path Width 

c. Read, Write, or Verify Cycles 



tion or mode category. The following sections ex- 
plain each mode or function and its relation to other 
features. 



3.3.1 TARGET/REQUESTER DEFINITION 

All DMA transfers involve three devices: the DMA 
Controller, the Requester, and the Target. Since the 
devices to be accessed by the DMA Controller vary 
widely, the operating characteristics of the DMA 
Controller must be tailored to the Requester and 
Target devices. 

The Requester can be defined as either the source 
or the destination of the data to be transferred. This 
is done by specifying a Write or a Read transfer, 
respectively. In a Read transfer, the Target is the 
data source and the Requester is the destination for 
the data. In a Write transfer, the Requester is the 
source and the Target is the destination. 

The Requester and Target addresses can each be 
independently programmed to be incremented, dec- 
remented, or held constant. As an example, the 
82370 is capable of reversing a string of data by 
having the Requester address increment and the 
Target address decrement in a memory-to-memory 
transfer. 
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3.3.2 BUFFER TRANSFER PROCESSES 

The 82370 DMA Controller allows three programma- 
ble Buffer Transfer Processes. These processes de- 
fine the logical way jn which a buffer of data is ac- 
cessed by the DMA. 

The three Buffer Transfer Processes include the Sin- 
gle Buffer Process, the Buffer Auto-Initialize Pro- 
cess, and the Buffer Chaining Process. These pro- 
cesses require special programming considerations. 
See the DMA Programming section for more details 
on setting up the Buffer Transfer Processes. 

Single Buffer Process 

The Single Buffer Process allows the DMA channel 
to transfer only one buffer of data. When the buffer 
has been completely transferred (Current Byte 
Count decremented past zero or EOP# input ac- 
tive), the DMA process ends and the channel be- 
comes idle. In order for that channel to be used 
again, it must be reprogrammed. 

The Single Buffer Process is usually used when the 
amount of data to be transferred is known exactly, 
and it is also known that there is not likely to be any 
data to follow before the operating system can re- 
program the channel. 

Buffer Auto-Initialize Process 

The Buffer Auto-Initialize Process allows multiple 
groups of data to be transferred to or from a single 
buffer. This process does not require reprogram- 
ming. The Current Registers are automatically repro- 
grammed from the Base Registers when the current 
process is terminated, either by an expired Byte 
Count or by an external EOP# signal. The data 
transferred will always be between the same Target 
and Requester. 

The auto-initialization/process-execution cycle is re- 
peated until the channel is either disabled or re-pro- 
grammed. 

Buffer Chaining Process 

The Buffer Chaining Process is useful for transfer- 
ring large quantities of data into non-contiguous 
buffer areas. In this process, a single channel is 
used to process data from several buffers, while 
having to program the channel only once. Each new 
buffer is programmed in a pipelined operation that 
provides the new buffer information while the old 
buffer is being processed. The chain is created by 
loading new buffer information while the 82370 DMA 
Controller is processing the Current Buffer. When 
the Current Buffer expires, the 82370 DMA Control- 
ler automatically restarts the channel using the new 
buffer information, 



Loading the new buffer information is done by an 
interrupt routine which is requested by the 82370. 
Interrupt Request 1 (IRQ1) is tied internally to the 
82370 DMA Controller for this purpose. IRQ1 is gen- 
erated by the 82370 when the new buffer informa- 
tion is loaded into the channel's Current Registers, 
leaving the Base Registers 'empty'. The interrupt 
service routine loads new buffer information into the 
Base Registers. The host processor is required to 
load the information for another buffer before the 
current Byte Count expires. The process repeats un- 
til the host programs the channel back to single buff- 
er operation, or until the channel runs out of buffers. 

The channel runs out of buffers when the Current 
Buffer expires and the Base Registers have not yet 
been loaded with new buffer information. When this 
occurs, the channel must be reprogrammed. 

If an external EOP# is encountered while executing 
a Buffer Chaining Process, the current buffer is con- 
sidered expired and the new buffer information is 
loaded into the Current Registers. If the Base Regis- 
ters are 'empty', the chain is terminated. 

The channel uses the Base Target Address Register 
as an indicator of whether or not the Base Registers 
are full. When the most significant byte of the Base 
Target Register is loaded, the channel considers ail 
of the Base Registers loaded, and removes the in- 
terrupt request. This requires that the other Base 
Registers (Base Requester Address, Base Byte 
Count) must be loaded before the Base Target Ad- 
dress Register. The reason for implementing the re- 
loading process this way is that, for most applica- 
tions, the Byte Count and the Requester will not 
change from one buffer to the next, and therefore do 
not need to be reprogrammed. The details of pro- 
gramming the channel for the Buffer Chaining Pro- 
cess can be found in the section on DMA program- 
ming. 

3.3.3 DATA TRANSFER MODES 

Three Data Transfer modes are available in the 
82370 DMA Controller. They are the Single Transfer, 
Block Transfer, and Demand Transfer Modes. 
These transfer modes can be used in conjunction 
with any one of three Buffer Transfer modes: Single 
Buffer, Auto-Initialized Buffer and Buffer Chaining. 
Any Data Transfer Mode can be used under any of 
the Buffer Transfer Modes. These modes are inde- 
pendently available for all DMA channels. 

Different devices being serviced by the DMA Con- 
troller require different handshaking sequences for 
data transfers to take place. Three handshaking 
modes are available on the 82370, giving the de- 
signer the opportunity to use the DMA Controller as 
efficiently as possible. The speed at which data can 
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be presented or read by a device can affect the way 
a DMA Controller uses the host's bus, thereby af- 
fecting not only data throughput during the DMA pro- 
cess, but also affecting the host's performanqe by 
limiting its access to the bus. 

Single Transfer Mode 

In the Single Transfer Mode, one data transfer to or 
from the Requester is performed by the DMA Con- 
troller at a time. The DREQn input is arbitrated and 
the HOLD/HLDA sequence is executed for each 
transfer. Transfers continue in this manner until the 
Byte Count expires, or until EOP# is sampled active. 
If the DREQn input is held active continuously, the 
entire DREQ-HOLD-HLDA-DACK sequence is re- 
peated over and over until the programmed number 
of bytes has been transferred. Bus control is re- 
leased to the host between each transfer. Figure 3-4 
shows the logical flow of events which make up a 
buffer transfer using the Single Transfer Mode. Re- 
fer to section 3.4 for an explanation of the bus con- 
trol arbitration procedure. 

The Single Transfer Mode is used for devices which 
require complete handshake cycles with each data 
access. Data is transferred to or from the Requester 
only when the Requester is ready to perform the 
transfer. Each transfer requires the entire DREQ- 



HOLD-HLDA-DACK handshake cycle. Figure 3-5 
shows the timing of the Single Transfer Mode cycle. 
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in Single Transfer Mode 
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NOTE: 

The Single Transfer Mode is more efficient (15%-20%) in the case where the source is the Target. Because of the 
internal pipeline of the 82370 DMA Controller, two idle states are added at the end of a transfer in the case where the 
source is the Requester. 



Figure 3-5. DMA Single Transfer Mode 
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Block Transfer Mode 

In the Block Transfer Mode, the DMA process is ini- 
tiated by a DMA request and continues unti the Byte 
Count expires, or until EOP# is activated by the Re- 
quester. The DREQn signal need only be held active 
until the first Requester access. Only a refresh cycle 
will interrupt the block transfer process. 

Figure 3-6 illustrates the operation of the DMA dur- 
ing the Block Transfer Mode. Figure 3-7 shows the 
timing of the handshake signals during Block Mode 
Transfers. 
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Figure 3-6. Buffer Transfer 
in Block Transfer Mode 
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Figure 3-7. Block Mode Transfers 
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Demand Transfer Mode 

The Demand Transfer Mode provides the most flex- 
ible handshaking procedures during the DMA pro- 
cess. A Demand Transfer is initiated by a DMA re- 
quest. The process continues until the Byte Count 
expires, or an external EOP# is encountered. If the 
device being serviced (Requester) desires, it can in- 
terrupt the DMA process by de-activating the 
DREQn line. Action is taken on the condition of 
DREQn during Requester accesses only. The ac- 
cess during which DREQn is sampled inactive is the 
last Requester access which will be performed dur- 
ing the current transfer. Figure 3-8 shows the flow of 
events during the transfer of a buffer in the Demand 
Mode. 

When the DREQn line goes inactive, the DMA Con- 
troller will complete the current transfer, including 
any necessary accesses to the Target, and relin- 
quish control of the bus to the host. The current pro- 
cess information is saved (byte count, Requester 
and Target addresses, and Temporary Register). 

The Requester can restart the transfer process by 
reasserting DREQn. The 82370 will arbitrate the re- 
quest with other pending requests and begin the 
process where it left off. Figure 3-9 shows the timing 
of handshake signals during Demand Transfer Mode 
operation. 
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Figure 3-8. Buffer Transfer 
in Demand Transfer Mode 



CLK2, 
CLK 1 


Tx 


Tx 


Tx 

r V\j 


Tl 


Ti 


T1 


T2 

f V\j 


T1 


T2 


T1 


T2 


n 


Tx 


Tx 


^ 


DREQn 


/ (ASYNCHRONOUS) 

I I 












\_ 
















DREQn 


/ (SYNCHRONOUS) 














\ 




i 






^ 








HOLD 




' 
i 
























s 






HLDA 


' 




s < 






> 




— 
















ADS#,] 


i i i 


1 


1 


^ 


■<XXXX! 


mm 


KX 














! 


READY# ] 


XttlCOICO^ 




/mmms 


iram 


AO-23) 
BLE#,BHE#] 
WR#, M/IO# 


I I I 


\ — 1 








! I 


B'XXfXXXXZXXXXXXXXXXXnmi 


hH 




I 






j 


I I 


E0P#] 


:o:o>:o:o>>^xo>>>:o:o:o>>>>>>>>y 




W*w 


s^xmyyyyyxyymxmyyy 


















2 


90164-2 


4 



Figure 3-9. Demand Mode Transfers 
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Using the Demand Transfer Mode allows peripherals 
to access memory in small, irregular bursts without 
wasting bus control time. The 82370 is designed to 
give the best possible bus control latency in the De- 
mand Transfer Mode. Bus control latency is defined 
here as the time form the last active bus cycle of the 
previous bus master to the first active bus cycle of 
the new bus master. The 82370 DMA Controller will 
perform its first bus access cycle two bus states af- 
ter HLDA goes active. In the typical configuration, 
bus control is returned to the host one bus state 
after the DREQn goes inactive. 

There are two cases where there may be more than 
one bus state of bus control latency at the end of a 
transfer. The first is at the end of an Auto-Initialize 
process, and the second is at the end of a process 
where the source is the Requester and Two-Cycle 
transfers are used. 

When a Buffer Auto-Initialize Porcess is complete, 
the 82370 requires seven bus states to reload the 
Current Registers from the Base Registers of the 
Auto-Initialized channel. The reloading is done while 
the 82370 is still the bus master so that it is prepared 
to service the channel immediately after relinquish- 
ing the bus, if necessary. 



In the case where the Requester is the source, and 
Two-Cycle transfers are being used, there are two 
extra idle states at the end of the transfer process. 
This occurs due to the housekeeping in the DMA's 
internal pipeline. These two idle states are present 
only after the very last Requester access, before the 
DMA Controller de-activates the HOLD signal. 

3.3.4 CHANNEL PRIORITY ARBITRATION 

DMA channel priority can be programmed into one 
of two arbitration methods: Fixed or Rotating. The 
four lower DMA channels and the four upper DMA 
channels operate as if they were two separate DMA 
controllers operating in cascade. The lower group of 
four channels (0-3) is always prioritized between 
channels 7 and 4 of the upper group of channels (4- 
7). Figure 3-10 shows a pictorial representation of 
the priority grouping. 

The priority can thus be set up as rotating for one 
group of channels and fixed for the other, or any 
other combination. While in Fixed Priority, the pro- 
grammer can also specify which channel has the 
lowest priority. 
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Figure 3-10. DMA Priority Grouping 
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The 82370 DMA Controller defaults to Fixed Priority. 
Channel has the highest priority, then 1, 2, 3, 4, 5, 
6, 7. Channel 7 has the lowest priority. Any time the 
DMA Controller arbitrates DMA requests, the re- 
questing channel with the highest priority will be 
serviced next. 

Fixed Priority can be entered into at any time by a 
software command. The priority levels in effect after 
the mode switch are determined by the current set- 
ting of the Programmable Priority. 

Programmable Priority is available for fixing the prior- 
ity of the DMA channels within a group to levels oth- 
er than the default. Through a software command, 
the channel to have the lowest priority in a group 
can be specified. Each of the two groups of four 
channels can have the priority fixed in this way. The 
other channels in the group will follow the natural 
Fixed Priority sequence. This mode affects only the 
priority levels while operating with Fixed Priority. 

For example, if channel 2 is programmed to have the 
lowest priority in its group, channel 3 has the highest 
priority. In descending order, the other channels 
would have the following priority: (3,0,1,2),4,5,6,7 
(channel 2 lowest, channel 3 highest). If the upper 



group were programmed to have channel 5 as the 
lowest priority channel, the priority would be (again, 
highest to lowest): 6,7, (3,0,1,2), 4,5. Figure 3-11 
shows this example pictorially. The lower group is 
always prioritized as a fifth channel of the upper 
group (between channels 4 and 7). 

The DMA Controller will only accept Programmable 
Priority commands while the addressed group is op- 
erating in Fixed Priority. Switching from Fixed to Ro- 
tating Priority preserves the current priority levels. 
Switching from Rotating to Fixed Priority returns the 
priority levels to those which were last programmed 
by use of Programmable Priority. 

Rotating Priority allows the devices using DMA to 
share the system bus more evenly. An individual 
channel does not retain highest priority after being 
serviced, priority is passed to the next highest priori- 
ty channel in the group. The channel which was 
most recently serviced inherits the lowest priority. 
This rotation occurs each time a channel is serviced. 
Figure 3-12 shows the sequence of events as priori- 
ty is passed between channels. Note that the lower 
group rotates within the upper group, and that serv- 
icing a channel within the lower group causes rota- 
tion within the group as well as rotation of the upper 
group. 
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Figure 3-12. Rotating Channel Priority. 

Lower and upper groups are programmed 

for the Rotating Priority Mode. 

3.3.5 COMBINING PRIORITY MODES 

Since the DMA Controller operates as two four- 
channel controllers in cascade, the overall priority 
scheme of all eight channels can take on a variety of 
forms. There are four possible combinations of prior- 
ity modes between the two groups of channels: 
Fixed Priority only (default), Fixed Priority upper 
group/Rotating Priority lower group, Rotating Priority 
upper group/ Fixed Priority lower group, and Rotating 
Priority only. Figure 3-13 illustrates the operation of 
the two combined priority methods. 
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Figure 3-13. Combining Priority Modes 

3.3.6 BUS OPERATION 

Data may be transferred by the DMA Controller us- 
ing two different bus cycle operations: Fly-By (one- 
cycle) and Two-Cycle. These bus handshake meth- 
ods are selectable independently for each channel 
through a command register. Device data path 
widths are independently programmable for both 
Target and Requester. Also selectable through soft- 
ware is the direction of data transfer. All of these 
parameters affect the operation of the 82370 on a 
bus-cycle by bus-cycle basis. 

3.3.6.1 Fly-By Transfers 

The Fly-By Transfer Mode is the fastest and most 
efficient way to use the 82370 DMA Controller to 
transfer data. In this method of transfer, the data is 
written to the destination device at the same time it 
is read from the source. Only one bus cycle is used 
to accomplish the transfer. 
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In the Fly-By Mode, the DMA acknowledge signal is 
used to select the Requester, The DMA Controller 
simultaneously places the address of the Target on 
the address bus. The state of M/IO# and W/R# 
during the Fly-By transfer cycle indicate the type of 
Target and whether the Target is being written to or 
read from. The Target's Bus Size is used as an in- 
crementer for the Byte Count. The Requester ad- 
dress registers are ignored during Fly-By transfers. 

Note that memory-to-memory transfers cannot be 
done using the Fly-By Mode. Only one memory of 
I/O address is generated by the DMA Controller at a 
time during Fly-By transfers. Only one of the devices 
being accessed can be selected by an address. 
Also, the Fly-By method of data transfer limits the 
hardware to accesses of devices with the same data 
bus width. The Temporary Registers are not affect- 
ed in the Fly-By Mode. 

Fly-By transfers also require that the data paths of 
the Target and Requester be directly connected. 
This requires that successive Fly-By access be to 
word boundaries, or that the Requester be capable 
of switching its connections to the data bus. 

3.3.6.2. Two-Cycle Transfers 

Two-Cycle transfers can also be performed by the 
82370 DMA Controller. These transfers require at 
least two bus cycles to execute. The data being 
transferred is read into the DMA Controller's Tempo- 
rary Register during the first bus cycle(s). The sec- 
ond bus cycle is used to write the data from the 
Temporary Register to the destination. 

If the addresses of the data being transferred are 
not word aligned, the 82370 will recognize the situa- 
tion and read and write the data in groups of bytes, 
placing them always at the proper destination. This 
process of collecting the desired bytes and putting 
them together is called "byte assembly". The re- 
verse process (reading from aligned locations and 
writing to non-aligned locations) is called "byte dis- 
assembly". 

The assembly/disassembly process takes place 
transparent to the software, but can only be done 
while using the Two-Cycle transfer method. The 
82370 will always perform the assembly/disassem^ 
bly process as necessary for the current data trans- 
fer. Any data path widths for either the Requester or 
Target can be used in the Two-Cycle Mode. This is 
very convenient for interfacing existing 8- and 16-bit 
peripherals to the 80376's 16-bit bus. 

The 82370 DMA Controller always reads and write 
data within the word boundaries; i.e. if a word to be 



read is crossing a word boundary, the DMA Control- 
ler will perform two read operations, each reading 
one byte, to read the 16-bit word into the Temporary 
Register. Also, the 82370 DMA Controller always at- 
tempts to fill the Temporary Register from the 
source before writing any data to the destination. If 
the process is terminated before the Temporary 
Register is filled (TC or EOP#), the 82370 will write 
the partial data to the destination. If a process is 
temporarily suspended (such as when DREQn is de- 
activated during a demand transfer), the contents of 
a partially filled Temporary Register will be stored 
within the 82370 until the process is restarted. 

For example, if the source is specified as an 8-bit 
device and the destination as a 32-bit device, there 
will be four reads as necessary from the 8-bit source 
to fill the Temporary Register. Then the 82370 will 
write the 32-bit contents to the destination in two 
cycles of 16-bit each. This cycle will repeat until the 
process is terminated or suspended. 

With Two-Cycle transfers, the devices that the 
82370 accesses can reside at any address within 
I/O or memory space. The device must be able to 
decode the byte-enables (BLE#, BHE#). Also, if the 
device cannot accept data in byte quantities, the 
programmer must take care not to allow the DMA 
Controller to access the device on any address oth- 
er than the device boundary. 

3.3.6.3 Data Path Width and Data Transfer Rate 
Considerations 

The number of bus cycles used to transfer a single 
"word" of data is affected by whether the Two-Cycle 
or the Fly-By (Single-Cycle) transfer method is used. 

The number of bus cycles used to transfer data di- 
rectly affects the data transfer rate. Inefficient use of 
bus cycles will decrease the effective data transfer 
rate that can be obtained. Generally, the data trans- 
fer rate is halved by using Two-Cycte transfers in- 
stead of Fly-By transfers. 

The choice of data path widths of both Target and 
Requester affects the data transfer rate also. During 
each bus cycle, the largest pieces of data possible 
should be transferred. 

The data path width of the devices to be accessed 
must be programmed into the DMA controller. The 
82370 defaults after reset to 8-bit-to-8-bit data trans- 
fers, but the Target and Requester can have differ- 
ent data path widths, independent of each other and 
independent of the other channels. Since this is a 
software programmable function, more discussion of 
the uses of this feature are found in the section on 
programming. 
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3.3.6.4 Read, Write and Verify Cycles 

Three different bus cycles types may be used in a 
data transfer. They are the Read, Write and Verify 
cycles. These cycle types dictate the way in which 
the 82370 operates on the data to be transferred. 

A Read Cycle transfers data from the Target to the 
Requester. A Write Cycle transfers data from the 
Requester to the target. In a Fly-By transfer, the ad- 
dress and bus status signals indicate the access 
(read of write) to the Target; the access to the Re- 
quester is assumed to be the opposite. 

The Verify Cycle is used to perform a data read only. 
No write access is indicated or assumed in a Verify 
Cycle. The Verify Cycle is useful for validating block 
fill operations. An external comparator must be pro- 
vided to do any comparisons on the data read. 



3.4 Bus Arbitration and Handshaking 

Figure 3-14 shows the flow of events in the DMA 
request arbitration process. The arbitration se- 
quence starts when the Requester asserts a DREQn 
(or DMA service is requested by software). Figure 
3-15 shows the timing of the sequence of events 
following a DMA request. This sequence is executed 
for each channel that is activated. The DREQn sig- 
nal can be replaced by a software DMA channel re- 
quest with no change in the sequence. 

After the Requester asserts the service request, the 
82370 will request control of the bus via the HOLD 
signal. The 82370 will always assert the HOLD sig- 
nal one bus state after the service request is assert- 
ed. The 80376 responds by asserting the HLDA sig- 
nal, thus releasing control of the bus to the 82370 
DMA Controller. 

Priority of pending DMA service requests is arbitrat- 
ed during the first state after HLDA is asserted by 
the 80376. The next state will be the beginning of 
the first transfer access of the highest priority pro- 
cess. 

When the 82370 DMA Controller is finished with its 
current bus activity, it returns control of the bus to 
the host processor. This is done by driving the 
HOLD signal inactive. The 82370 does not drive any 
address or data bus signals after HOLD goes low. It 
enters the Slave Mode until another DMA process is 
requested. The processor acknowledges that it has 



regained control of the bus by forcing the HLDA sig- 
nal inactive. Note that the 82370's DMA Controller 
will not re-request control of the bus until the entire 
HOLD/ HLDA handshake sequence is complete. 
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Figure 3-14. Bus Arbitration and DMA Sequence 

The 82370 DMA Controller will terminate a current 
DMA process for one of three reasons: expired byte 
count, end-of-process command (EOP# activated) 
from a peripheral, or deactivated DMA request sig- 
nal. In each case, the controller will de-assert HOLD 
immediately after completing the data transfer in 
progress. These three methods of process termina- 
tion are illustrated in Figures 3-16, 3-19 and 3-18, 
respectively. 

An expired byte count indicates that the current pro- 
cess is complete as programmed and the channel 
has no further transfers to process. The channel 
must be restarted according to the currently pro- 
grammed Buffer Transfer Mode, or reprogrammed 
completely, including a new Buffer Transfer Mode. 
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Channel priority resolution takes place during the bus state before HOLDA is asserted, allowing the DMA Controller to 
respond to HLDA without extra idle bus states. 



Figure 3-15. Beginning of a DMA process 



If the peripheral activates the EOP# signal, it is indi- 
cating that it will not accept or deliver any more data 
for the current buffer. The 82370 DMA Controller 
considers this as a completion of the channel's cur- 
rent process and interprets the condition the same 
way as if the byte count expired. 

The action taken by the 82370 DMA Controller in 
response to a de-activated DREQn signal depends 
on the Data Transfer Mode of the channel. In the 
Demand Mode, data transfers will take place as long 
as the DREQn is active and the byte count has not 
expired. In the Block Mode, the controller will com- 
plete the entire block transfer without relinquishing 
the bus, even if DREQn goes inactive before the 



transfer is complete. In the Single Mode, the control- 
ler will execute single data transfers, relinquishing 
the bus between each transfer, as long as DREQn is 
active. 

Normal termination of a DMA process due to expira- 
tion of the byte count (Terminal Count— TC) is 
shown if Figure 3-16. The condition of DREQn is 
ignored until after the process is terminated. If the 
channel is programmed to auto-initialize, HOLD will 
be held active for an additional seven clock cycles 
while the auto-initialization takes place. 

Table 3-3 shows the DMA channel activity due to 
EOP# or Byte Count expiring (Terminal Count). 



Table 3-3. DMA Channel Activity Due to Terminal Count or External EOP# 
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Figure 3-16. Termination of a DMA Process Due to Expiration of Current Byte Count 
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Figure 3-17. Switching between Active DMA Channels 



The 82370 always relinquishes control of the bus 
between channel services. This allows the hardware 
designer the flexibility to externally arbitrate bus hold 
requests, if desired. If another DMA request is pend- 
ing when a higher priority channel service is com- 
pleted, the 82370 will relinquish the bus until the 
hold acknowledge is inactive. One bus state after 
the HLDA signal goes inactive, the 82370 will assert 
HOLD again. This is illustrated in Figure 3-17. 

3.4.1 SYNCHRONOUS AND ASYNCHRONOUS 
SAMPLING OF DREQn AND EOP# 

As an indicator that a DMA service is to be started, 
DREQn is always sampled asynchronous. It is sam- 



pled at the beginning of a bus state and acted upon 
at the end of the state. Figure 3-15 illustrates the 
start of a DMA process due to a DREQn input. 

The DREQn and EOP# inputs can be programmed 
to be sampled either synchronously or asynchro- 
nously to signal the end of a transfer. 

The synchronous mode affords the Requester one 
bus state of extra time to react to an access. This 
means the Requester can terminate a process on 
the current access, without losing any data. The 
asynchronous mode requires that the input signal be 
presented prior to the beginning of the last state of 
the Requester access. 
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The timing relationships of the DREQn and EOP# 
signals to the termination of a DMA transfer are 
shown in Figures 3-18 and 3-19. Figure 3-18 shows 
the termination of a DMA transfer due to inactive 
DREQn. Figure 3-19 shows the termination of a 
DMA process due to an active EOP# input. 

In the Synchronous Mode, DREQn and EOP# are 
sampled at the end of the last state of every Re- 
quester data transfer cycle. If EOP# is active or 
DREQn is inactive at this time, the 82370 recognizes 
this access to the Requester as the last transfer. At 
this point, the 82370 completes the transfer in prog- 
ress, if necessary, and returns bus control to the 
host. 



In the asynchronous mode, the inputs are sampled 
at the beginning of every state of a Requester ac- 
cess. The 82370 waits until the end of the state to 
act on the input. 

DREQn and EOP# are sampled at the latest possi- 
ble time when the 82370 can determine if another 
transfer is required. In the Synchronous Mode, 
DREQn and EOP# are sampled on the trailing edge 
of the last bus state before another data access cy- 
cle begins. The Asynchronous Mode requires that 
the signals be valid one clock cycle earlier. 
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Figure 3-18. Termination of a DMA Process due to De-Asserting DREQn 
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Figure 3-19. Termination of a DMA Process due to an External EOP# 
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While in the Pipeline Mode, if the NA# signal is sam- 
pled active during a transfer, the end of the state 
where NA# was sampled active is when the 82370 
decides whether to commit to another transfer. The 
device must de-assert DREQn or assert EOP# be- 
fore NA# is asserted, otherwise the 82370 will com- 
mit to another, possibly undesired, transfer. 

Synchronous DREQn and EOP# sampling allows 
the peripheral to prevent the next transfer from oc- 
curring by de-activating DREQn or asserting EOP# 
during the current Requester access, before the 
82370 DMA Controller commits itself to another 
transfer. The DMA Controller will not perform the 
next transfer if it has not already begun the bus cy- 
cle. Asynchronous sampling allows less stringent 
timing requirements than the Synchronous Mode, 
but requires that the DREQn signal be valid at the 
beginning of the next to last bus state of the current 
Requester access. 

Using the Asynchronous Mode with zero wait states 
can be very difficult. Since the addresses and con- 
trol signals are driven by the 82370 near half-way 
through the first bus state of a transfer, and the 
Asynchronous Mode requires that DREQn be inac- 
tive before the end of the state, the peripheral being 
accessed is required to present DREQn only a few 
nanoseconds after the control information is avail- 
able. This means that the peripheral's control logic 
must be extremely fast (practically non-causal). An 
alternative is the Synchronous Mode. 



3.4.2 ARBITRATION OF CASCADED MASTER 
REQUESTS 

The Cascade Mode allows another DMA-type de- 
vice to share the bus by arbitrating its bus accesses 
with the 82370's. Seven of the eight DMA channels 
(0-3 and 5-7) can be connected to a cascaded de- 
vice. The cascaded device requests bus control 
through the DREQn line of the channel which is pro- 
grammed to operate in Cascade Mode. Bus hold ac- 
knowledge is signalled to the cascaded device 
through the EDACK lines. When the EDACK lines 
are active with the code for the requested cascade 
channel, the bus is available to the cascaded master 
device. 

A cascade cycle begins the same way a regular 
DMA cycle begins. The requesting bus master as- 
serts the DREQn line on the 82370. This bus control 
request is arbitrated as any other DMA request 
would be. If any channel receives a DMA request, 
the 82370 requests control of the bus. When the 
host acknowledges that it has released bus control, 
the 82370 acknowledges to the requesting master 
that it may access the bus. The 82370 enters an idle 
state until the new master relinquishes control. 

A cascade cycle will be terminated by one of two 
events: DREQn going inactive, or HLDA going inac- 
tive. The normal way to terminate the cascade cycle 
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Figure 3-20. Cascaded Bus Master 
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is for the cascaded master to drop the DREQn sig- 
nal. Figure 3-21 shows the two cascade cycle termi- 
nation sequences. 

The Refresh Controller may interrupt the cascaded 
master to perform a refresh cycle. If this occurs, the 
82370 DMA Controller will de-assert the EDACK sig- 
nal (hold acknowledge to cascaded master) and wait 
for the cascaded master to remove its hold request. 
When the 82370 regains bus control, it will perform 
the refresh cycle in its normal fashion. After the re- 
fresh cycle has been completed, and if the cascad- 
ed device has re-asserted its request, the 82370 will 
return control to the cascaded master which was in- 
terrupted. 

The 82370 assumes that it is the only device moni- 
toring the HLDA signal. If the system designer 
wishes to place other devices on the bus as bus 
masters, the HLDA from the processor must be in- 
tercepted before presenting it to the 82370. Using 
the Cascade capability of the 82370 DMA Controller 
offers a much better solution. 



3.4.3 ARBITRATION OF REFRESH REQUESTS 

The arbitration of refresh requests by the DRAM Re- 
fresh Controller is slightly different from normal DMA 



channel request arbitration. The 82370 DRAM Re- 
fresh Controller always has the highest priority of 
any DMA process. It also can interrupt a process in 
progress. Two types of processes in progress may 
be encountered: normal DMA, and bus master cas- 
cade. 

In the event of a refresh request during a normal 
DMA process, the DMA Controller will complete the 
data transfer in progress and then execute the re- 
fresh cycle before continuing with the current DMA 
process. The priority of the interrupted process is 
not lost. If the data transfer cycle interrupted by the 
Refresh Controller is the last of a DMA process, the 
refresh cycle will always be executed before control 
of the bus is transferred back to the host. 

When the Refresh Controller request occurs during 
a cascade cycle, the Refresh Controller must be as- 
sured that the cascaded master device has relin- 
quished control of the bus before it can execute the 
refresh cycle. To do this, the DMA Controller drops 
the EDACK signal to the cascaded master and waits 
for the corresponding DREQn input to go inactive. 
By dropping the DREQn signal, the cascaded mas- 
ter relinquishes the bus. The Refresh Controller then 
performs the refresh cycle. Control of the bus is re- 
turned to the cascaded master if DREQn returns to 
an active state before the end of the refresh cycle, 
otherwise control is passed to the processor and the 
cascaded master loses its priority. 
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Figure 3-21. Cascade Cycle Termination 
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3.5 DMA Controller Register Overview 

The 82370 DMA Controller contains 44 registers 
which are accessable to the host processor. Twen- 
ty-four of these registers contain the device ad- 
dresses and data counts for the individual DMA 
channels (three per channel). The remaining regis- 
ters are control and status registers for initiating and 
monitoring the operation of the 82370 DMA Control- 
ler. Table 3-4 lists the DMA Controller's registers 
and their accessability. 

Table 3-4. DMA Controller Registers 



Register Name 


Access 


Control/Status Registers— one each per group 


Command Register 1 


write only 


Command Register II 


write only 


Mode Register 1 


write only 


Mode Register II 


write only 


Software Request Register 


read/write 


Mask Set-Reset Register 


write only 


Mask Read-Write Register 


read/write 


Status Register 


read only 


Bus Size Register 


write only 


Chaining Register 


read/write 


Channel Registers — one each per channel 


Base Target Address 


write only 


Current Target Address 


read only 


Base Requester Address 


write only 


Current Requester Address 


read only 


Base Byte Count 


write only 


Current Byte Count 


read only 



3.5.1 CONTROL/STATUS REGISTERS 

The following registers are available to the host 
processor for programming the 82370 DMA Control- 
ler into its various modes and for checking the oper- 
ating status of the DMA processes. Each set of four 
DMA channels has one of each of these registers 
associated with it. 

Command Register I 

Enables or disables the DMA channel as a group. 
Sets the Priority Mode (Fixed or Rotating) of the 
group. This write-only register is cleared by a hard- 
ware reset, defaulting to all channels enabled and 
Fixed Priority Mode. 

Command Register II 

Sets the sampling mode of the DREQn and EOP# 
inputs. Also sets the lowest priority channel for the 
group in the Fixed Priority Mode. The functions pro- 
grammed through Command Register II default after 



a hardware reset to: asynchronous DREQn and 
EOP#, and channels 3 and 7 lowest priority. 

Mode Registers I 

Mode Register I is identical in function to the Mode 
register of the 8237A. It programs the following func- 
tions for an individually selected channel: 

Type of Transfer— read, write, verify 

Auto-Initialize— enable or disable 

Target Address Count— increment or decrement 

Data Transfer Mode — demand, single, block, 

cascade 

Mode Register I functions default to the following 
after reset: verify transfer, Auto-Initialize disabled, In- 
crement Target address, Demand Mode. 

Mode Register II 

Programs the following functions for an individually 
selected channel: 

Target Address Hold— enable or disable 

Requester Address Count— increment or 

decrement 

Requester Address Hold— enable or disable 

Target Device Type— I/O or Memory 

Requester Device Type— I/O or Memory 

Transfer Cycles— Two-Cycle or Fly-By 

Mode Register II functions are defined as follows 
after a hardware reset: Disable Target Address Hold, 
Increment Requester Address, Target (and Re- 
quester) in memory, Fly-By Transfer Cycles. Note: 
Requester Device Type ignored in Fly-By Transfers. 

Software Request Register 

The DMA Controller can respond to service requests 
which are initiated by software. Each channel has an 
internal request status bit associated with it. The 
host processor can write to this register to set or 
reset the request bit of a selected channel. 

The status of a group's software DMA service re- 
quests can be read from this register as well. Each 
status bit is cleared upon Terminal Count or external 
EOP#. 

The software DMA requests are non-maskable and 
subject to priority arbitration with all other software 
and hardware requests. The entire register is 
cleared by a hardware reset. 

Mask Registers 

Each channel has associated with it a mask bit 
which can be set/reset to disable/enable that chan- 
nel. Two methods are available for setting and clear- 
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ing the mask bits. The Mask Set/Reset Register is a 
write-only register which allows the host to select an 
individual channel and either set or reset the mask 
bit for that channel only. The Mask Read/Write Reg- 
ister is available for reading the mask bit status and 
for writing mask bits in groups of four. 

The mask bits of a group may be cleared in one step 
by executing the Clear Mask Command. See the 
DMA Programming section for details. A hardware 
reset sets all of the channel mask bits, disabling all 
channels. 

Status Register 

The Status register is a read-only register which con- 
tains the Terminal Count (TC) and Service Request 
status for a group. Four bits indicate the TC status 
and four bits indicate the hardware request status 
for the four channels in the group. The TC bits are 
set when the Byte Count expires, or when and exter- 
nal EOP# is asserted. These bits are cleared by 
reading from the Status Register. The Service Re- 
quest bit for a channel indicates when there is a 
hardware DMA request (DREQn) asserted for that 
channel. When the request has been removed, the 
bit is cleared. 

Bus Size Register 

This write-only register is used to define the bus size 
of the Target and Requester of a selected channel. 
The bus sizes programmed will be used to dictate 
the sizes of the data paths accessed when the DMA 
channel is active. The values programmed into this 
register affect the operation of the Temporary Regis- 
ter. When 32-bit bus width is programmed, the 
82370 DMA Controller will access the device twice 
through its 16-bit external Data Bus to perform a 
32-bit data transfer. Any byte-assembly required to 
make the transfers using the specified data path 
widths will be done in the Temporary Register. The 
Bus Size register of the Target is used as an incre- 
ment/decrement value for the Byte Counter and 
Target Address when in the Fly-By Mode. Upon re- 
set, all channels default to 8-bit Targets and 8-bit 
Requesters. 

Chaining Register 

As a command or write register, the Chaining regis- 
ter is used to enable or disable the Chaining Mode 
for a selected channel. Chaining can either be dis- 
abled or enabled for an individual channel, indepen- 
dently of the Chaining Mode status of other chan- 
nels. After a hardware reset, all channels default to 
Chaining disabled. 

When read by the host, the Chaining Register pro- 
vides the status of the Chaining Interrupt of each of 



the channels. These interrupt status bits are cleared 
when the new buffer information has been loaded. 



3.5.2 CHANNEL REGISTERS 

Each channel has three individually programmable 
registers necessary for the DMA process; they are 
the Base Byte Count, Base Target Address, and 
Base Requester Address registers. The 24-bit Base 
Byte Count register contains the number of bytes to 
be transferred by the channel. The 24-bit Base Tar- 
get Address Register contains the beginning ad- 
dress (memory or I/O) of the Target device. The 
24-bit Base Requester Address register contains the 
base address (memory or I/O) of the device which is 
to request DMA service. 

Three more registers for each DMA channel exist 
within the DMA Controller which are directly related 
to the registers mentioned above. These registers 
contain the current status of the DMA process. They 
are the Current Byte Count register, the Current Tar- 
get Address, and the Current Requester Address. It 
is these registers which are manipulated (increment- 
ed, decremented, or held constant) by the 82370 
DMA Controller during the DMA process. The Cur- 
rent registers are loaded from the Base registers at 
the beginning of a DMA process. 

The Base registers are loaded when the host proc- 
essor writes to the respective channel rejgister ad- 
dresses. Depending on the mode in which the chan- 
nel is operating, the Current registers are typically 
loaded in the same operation. Reading from the 
channel register addresses yields the contents of 
the corresponding Current register. 

To maintain compatibility with software which ac- 
cesses an 8237A, a Byte Pointer Flip-Flop is used to 
control access to the upper and lower bytes of some 
words of the Channel Registers. These words are 
accessed as byte pairs at single port addresses. The 
Byte Pointer Flip-Flop acts as a one-bit pointer 
which is toggled each time a qualifying Channel 
Register byte is accessed. 

It always points to the next logical byte to be ac- 
cessed of a pair of bytes. 

The Channel registers are arranged as pairs of 
words, each pair with its own port address. Address- 
ing the port with the Byte Pointer Flip-Flop reset ac- 
cesses the least significant byte of the pair. The 
most significant byte is accessed when the Byte 
Pointer is set. 

For compatibility with existing 8237A designs, there 
is one exception to the above statements about the 
Byte Pointer Flip-Flop. The third byte (bits 16-23) of 
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the Target Address is accessed through its own port 
address. The Byte Pointer Flip-Flop is not affected 
by any accesses to this byte. 

The upper eight bits of the Byte Count Register are 
cleared when the least significant byte of the regis- 
ter is loaded. This provides compatibility with soft- 
ware which accesses an 8237A. The 8237A has 
1 6-bit Byte Count Registers. 

3.5.3 TEMPORARY REGISTERS 

Each channel has a 32-bit Temporary Register used 
for temporary data storage during two-cycle DMA 
transfers. It is this register in which any necessary 
byte assembly and disassembly of non-aligned data 
is performed. Figure 3-22 shows how a block of data 
will be moved between memory locations with differ- 
ent boundaries. Note that the order of the data does 
not change. 



Source 


Destination 




20H 
21H 
22H 
23H 
24H 
25H 
26H 
27H 


A 


50H 
51H 
52H 
53H 
54H 
55H 
56H 
57H 






B 




C 




D 


A 


E 


B 


F 


C 


G 


D 




E 






58H 


F 


59H 
5AH 


G 




Target = sou 
Requester = 
Byte Count = 


rce = 00 
destinatio 
000007I- 


D00020H 

n = 00000053H 

I 







Figure 3-22. Transfer of data between memory 

locations with different boundaries. This will be 

the result, independent of data path width. 

If the destination is the Requester and an early pro- 
cess termination has been indicated by the EOP# 
signal or DREQn inactive in the Demand Mode, the 
Temporary Register is not affected. If data remains 
in the Temporary Register due to differences in data 
path widths of the Target and Requester, it will not 
be transferred or otherwise lost, but will be stored for 
later transfer. 

If the destination is the Target and the EOP# signal 
is sensed active during the Requester access of a 
transfer, the DMA Controller will complete the trans- 
fer by sending to the Target whatever information is 
in the Temporary Register at the time of process 



termination. This implies that the Target could be 
accessed with partial data in two accesses. For this 
reason it is advisable to have an I/O device desig- 
nated as a Requester, unless it is capable of han- 
dling partial data transfers. 



3.6 DMA Controller Programming 

Programming a DMA Channel to perform a needed 
DMA function is in general a four step process. First 
the global attributes of the DMA Controller are pro- 
grammed via the two Command Registers. These 
global attributes include: priority levels, channel 
group enables, priority mode, and DREQn/EOP# in- 
put sampling. 

The second step involves setting the operating 
modes of the particular channel. The Mode Regis- 
ters are used to define the type of transfer and the 
handshaking modes. The Bus Size Register and 
Chaining Register may also need to be programmed 
in this step. 

The third step in setting up the channel is to load the 
Base Registers in accordance with the needs of the 
operating modes chosen in step two. The Current 
Registers are automatically loaded from the Base 
Registers, if required by the Buffer Transfer Mode in 
effect. The information loaded and the order in 
which it is loaded depends on the operating mode. A 
channel used for cascading, for example, needs no 
buffer information and this step can be skipped en- 
tirely. 

The last step is to enable the newly programmed 
channel using one of the Mask Registers. The chan- 
nel is then available to perform the desired data 
transfer. The status of the channel can be observed 
at any time through the Status Register, Mask Reg- 
ister, Chaining Register, and Software Request reg- 
ister. 

Once the channel is programmed and enabled, the 
DMA process may be initiated in one of two ways, 
either by a hardware DMA request (DREQn) or a 
software request (Software Request Register). 

Once programmed to a particular Process/ Mode 
configuration, the channel will operate in that config- 
uration until programmed otherwise. For this reason, 
restarting a channel after the current buffer expires 
does not require complete reprogramming of the 
channel. Only those parameters which have 
changed need to be reprogrammed. The Byte Count 
Register is always changed and must be repro- 
grammed. A Target or Requester Address Register 
which is incremented or decremented should be re- 
programmed also. 
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3.6.1 BUFFER PROCESSES 

The Buffer Process is determined by the Auto-Initial* 
ize bit of Mode Register I and the Chaining Register. 
If Auto-Initialize is enabled, Chaining should not be 
used. 



3.6.1.1 Single Buffer Process 

The Single Buffer Process is programmed by dis- 
abling Chaining via the Chaining Register and pro- 
gramming Mode Register I for non-Auto-Initialize. 



3.6.1.2 Buffer Auto-Initialize Process 

Setting the Auto- Initialize bit in Mode Register I is all 
that is necessary to place the channel in this mode. 
Buffer Auto-Initialize must not be enabled simulta- 
neous to enabling the Buffer Chaining Mode as this 
will have unpredictable results. 

Once the Base Registers are loaded, the channel is 
ready to be enabled. The channel will reload its Cur- 
rent Registers from the Base Registers each time 
the Current Buffer expires, either by an expired Byte 
Count or an external EOP#. 



3.6.1.3 Buffer Chaining 

The Buffer Chaining Process is entered into from the 
Single Buffer Process. The Mode Registers should 
be programmed first, with all of the Transfer Modes 
defined as if the channel were to operate in the Sin- 
gle Buffer Process. The channel's Base Registers 
are then loaded. When the channel has been set up 
in this way, and the chaining interrupt service routine 
is in place, the Chaining Process can be entered by 
programming the Chaining Register. Figure 3-23 il- 
lustrates the Buffer Chaining Process. 

An interrupt (IRQ1 ) will be generated immediately af- 
ter the Chaining Process is entered, as the channel 
then perceives the Base Registers as empty and in 
need of reloading. It is important to have the inter- 
rupt service routine in place at the time the Chaining 
Process is entered into. The interrupt request is re- 
moved when the most significant byte of the Base 
Target Address is loaded. 

The interrupt will occur again when the first buffer 
expires and the Current Registers are loaded from 
the Base Registers. The cycle continues until the 
Chaining Process is disabled, or the host fails to re- 
spond to IRQ1 before the Current Buffer expires. 
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1 INSTALL IRQ1 INTERRUPT SERVICE ROUTINE 1 

i 




1 SET THE CHANNEL TO NON-CHAINING PROCESS 1 

i 




| PROGRAM THE MODE REGISTERS | 




i 


r 




| LOAD BASE REGISTERS FOR FIRST BUFFER | 




. i 


f 




| SET THE CHANNEL TO CHAINING PROCESS | 




i 


(IRQ1 WILL BE ACTIVA 

r 




| ENABLE INTERRUPT | 




.i 


(IRQ1 WILL NEED SER 
LOAD BASE RE( 

r 




| ENABLE THE CHANNEL | 




FROM THIS POINT, THE HOST CAN PERFORM 

ANOTHER TASK. THE INTERRUPT SERVICE ROUTINE 

LEFT BEHIND WILL MAINTAIN THE CHANNEL. 











Figure 3-23. Flow of Events in the Buffer Chaining Process 
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Exiting the Chaining Process can be done by reset- 
ting the Chaining Mode Register. If an interrupt is 
pending for the channel when the Chaining Register 
is reset, the interrupt request will be removed. The 
Chaining Process can be temporarily disabled by 
setting the channel's Mask bit in the Mask Register. 

The interrupt service routine for IRQ1 has the re- 
sponsibility of reloading the Base Registers as nec- 
essary. It should check the status of the channel to 
determine the cause of channel expiration, etc. It 
should also have access to operating system infor- 
mation regarding the channel, if any exists. The 
IRQ1 service routine should be capable of determin- 
ing whether the chain should be continued or termi- 
nated and act on that information. 



3.6.2 DATA TRANSFER MODES 

The Data Transfer Modes are selected via Mode 
Register I. The Demand, Single, and Block Modes 
are selected by bits D6 and D7. The individual trans- 
fer type (Fly-By vs Two-Cycle, Read-Write-Verify, 
and I/O vs Memory) is programmed through both of 
the Mode registers. 



3.6.3 CASCADED BUS MASTERS 

The Cascade Mode is set by writing ones to D7 and 
D6 of Mode Register I. When a channel is pro- 
grammed to operate in the Cascade Mode, all of the 
other modes associated with Mode Registers I and II 
are ignored. The priority and DREQn/EOP# defini- 
tions of the Command Registers will have the same 
effect on the channel's operation as any other 
mode. 



3.6.4 SOFTWARE COMMANDS 

There are five port addresses which, when written 
to, command certain operations to be performed by 
the 82370 DMA Controller. The data written to these 
locations is not of consequence, writing to the loca- 



tion is all that is necessary to command the 82370 to 
perform the indicated function. Following are de- 
scriptions of the command functions. 

Clear Byte Pointer Flip-Flop— Location 000CH 

Resets the Byte Pointer Flip-Flop. This command 
should be performed at the beginning of any access 
to the channel registers in order to be assured of 
beginning at a predictable place in the register pro- 
gramming sequence. 

Master Clear— Location 000DH 

All DMA functions are set to their default states. This 
command is the equivalent of a hardware reset to 
the DMA Controller. Functions other than those in 
the DMA Controller section of the 82370 are not af- 
fected by this command. 



Clear Mask Register- 



-Channels 0-3 

— Location 000EH 

Channels 4-7 

— Location 0OCEH 



This command simultaneously clears the Mask Bits 
of all channels in the addressed group, enabling all 
of the channels in the group. 

Clear TC Interrupt Request— Location 001 EH 

This command resets the Terminal Count Interrupt 
Request Flip-Flop. It is provided to allow the pro- 
gram which made a software DMA request to ac- 
knowledge that it has responded to the expiration of 
the requested channel(s). 



3.7 Register Definitions 

The following diagrams outline the bit definitions and 
functions of the 82370 DMA Controller's Status and 
Control Registers. The function and programming of 
the registers is covered in the previous section on 
DMA Controller Programming. An entry of "X" as a 
bit value indicates "don't care." 
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Channel Registers (read Current, write Base) 



Channel 


Register Name 


Address 
(hex) 


Byte 
Pointer 


Bits 
Accessed 


Channel 


Target Address 
Byte Count 
Requester Address 


00 

87 
01 

11 
90 

91 



1 

X 


1 



1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 1 


Target Address 
Byte Count 
Requester Address 


02 

83 
03 

13 
92 

93 




1 

X 



1 




1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 2 


Target Address 
Byte Count 
Requester Address 


04 

81 
05 

15 
94 

95 




1 

X 



1 




1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 3 


Target Address 
Byte Count 
Requester Address 


06 

82 
07 

17 
96 

97 




1 

x 



1 




1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 4 


Target Address 
Byte Count 
Requester Address 


CO 

8F 
C1 

D1 
98 

99 




1 

X 



1 




1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 
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Channel Registers (read Current, write Base) (Continued) 



Channel 


Register Name 


Address 
(hex) 


Byte 
Pointer 


Bits 
Accessed 


Channel 5 


Target Address 
Byte Count 
Requester Address 


C2 

8B 
C3 

D3 
9A 

9B 



1 

X 


1 



1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 6 


Target Address 
Byte Count 
Requester Address 


C4 

89 
C5 

D5 
9C 

9D 




1 

X 


1 



1 




0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 


Channel 7 


Target Address 
Byte Count 
Requester Address 


C6 

8A 
C7 

D7 
9E 

9F 




1 

X 



1 



1 

0, 


0-7 

8-15 

16-23 

0-7 

8-15 

16-23 

0-7 

8-15 

16-23 



Command Register I (write only) 

Port Addresses— Channels 0-3— 0008H 
Channels 4-7— 00C8H 



D7 D6 D5 D4 D3 D2 D1 DO 


| X | X | X | P | X | M | X I X | 






GROUP MASK 




= ENABLE CHANNELS 

1 = DISABLE CHANNELS 

PRIORITY 




= FIXED PRIORITY 

1 = ROTATING PRIORITY 

290164-36 
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Command Register II (write only) 

Port Addresses— Channels 0-3— 001 AH 
Channels 4-7— 00DAH 



D7 


D6 


D5 


D4 


D3 


D2 


D1 DO 


290164-37 


cz 


° 


° 


° 


PL 


PL 


ES | DS | 
















I DREQN SAMPLING 

EOP# SAMPLING 


= ASYNCHRONOUS 

1 = SYNCHRONOUS 

LOW PRIORITY LEVEL SET 










00 = CHANNEL 0(4) LOWEST 

01 = 1(5) 
10= 2(6) 
11 = 3(7) 



Mode Register I (write only) 

Port Addresses— Channels 0-3— 000BH 
Channels 4-7— OOCBH 



D7 D6 D5 D4 D3 



B1 BO 



n 



Al T1 TO 



D2 D1 DO 

| C1 | co"l 

I I CHANNEL SELECT 

00 = CHANNEL 0(4) 

01 = 1(5) 

10 = 2(6) 

11 = 3(7) 



TRANSFER TYPE 

00 = VERIFY 

01 = WRITE 

10 = READ 

1 1 = ILLEGAL 

XX IF IN CASCADE MODE 

AUTO-INITIALIZE 

= DISABLE, 1 = ENABLE 

TARGET INCREMENT/DECREMENT 
' = INCREMENT TARGET 

1 = DECREMENT TARGET * 

X IF TARGET HOLD ENABLED 

DATA TRANSFER MODE 

00 = DEMAND MODE 

01 = SINGLE TRANSFER MODE 

10 = BLOCK MODE 

1 1 = CASCADE MODE 



290164-38 



Target and Requester DECREMENT is allowed only for byte transfers. 
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Mode Register II (write only) 

Port Addresses— Channels 0-3—001 BH 
Channels 4-7— 00DBH 



D7 D6 D5 D4 D3 D2 D1 DO 
| CY | RD | TD | RH | Rl | TH | C1 | CO | 



CHANNEL SELECT 
SEE MODE REGISTER I 

TARGET HOLD 

= INCREMENT/DECREMENT 

1 = HOLD 

REQUESTER INCREMENT 

= INCREMENT 

1 = DECREMENT * 

X IF REQUESTER HOLD ENABLED 

REQUESTER HOLD 

= INCREMENT/DECREMENT 

1 = HOLD 

• TARGET DEVICE TYPE 

REQUESTER DEVICE TYPE 

= MEMORY 

1 = INPUT/OUTPUT 

TRANSFER CYCLES 

= ONE-CYCLE (FLY-BY) 

1 = TWO-CYCLE 



290164-39 



Target and Requester DECREMENT is allowed only for byte transfers. 

Software Request Register (read/write) 

Port Addresses— Channels 0-3— 0009H 
h Channels 4-7— 00C9H 

Write Format: Software DMA Service Request 



D7 


D6 


D5 


D4 


D3 D2 D1 


DO 


290164-40 


LZ 


x 


* 


* 


X | R | C1 


H 




I 


JL CHANNEL SELECT 




SEE MODE REGISTER I 
REQUEST SERVICE 




= REMOVE REQUEST 
, 1 = ASSERT REQUEST 
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Read Format: 


Software Requests Pending 










D7 D6 D5 D4 D3 D2 D1 DO 1 = REQUEST PENDING 


290164-41 


| X | X | X | X | SR3 fsR2'T SRl"| SRO | 








! CHANNEL 0(4) REQUEST 


• 













Mask Set/Reset Register Individual Channel Mask (write only) 

Port Addresses— Channels 0-3— OOOAH 
Channels 4-7— OOCAH 



D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


290164-42 


rz 


* 


* 


x|x 


M 


C1 


Gjj] 


















I CHANNEL SELECT 






SEE MODE REGISTER 1 
MASK SET BIT 








= CLEAR MASK 

1 = SET MASK 



Mask Read/Write Register Group Channel Mask (read/write) 

Port Addresses— Channels 0-3— OOOFH 
Channels 4-7— OOCFH 



D7 D6 D5 D4 D3 D2 
| X | X | X | X I M3 | M2 



D1 DO 
M1 I MO I 

L CHANNEL 0(4) MASK BIT 

CHANNEL 1(5) MASK BIT 

CHANNEL 2(6) MASK BIT 

*— CHANNEL 3(7) MASK BIT 



MASK BIT = - CHANNEL ENABLED 
= 1 - CHANNEL DISABLED 



290164-43 
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Status Register Channel Process Status (read only) 

Port Addresses— Channels 0-3— 0008H 
Channels 4-7— 00C8H 



D7 D6 D5 D4 D3 D2 D1 DO 
| R3 | R2 | rT 



R0 | TC3 | TC2 | TC1 | TCP | 



CHANNEL 0(4) EXPIRED 

CHANNEL 1(5) EXPIRED 

CHANNEL 2(6) EXPIRED 

CHANNEL 3(7) EXPIRED 
1 = EXPIRED 

CHANNEL 0(4) REQUEST 

CHANNEL 1(5) REQUEST 

CHANNEL 2(6) REQUEST 

CHANNEL 3(7) REQUEST 
1 = REQUEST PENDING 



290164-44 



Bus Size Register Set Data Path Width (write only) 

Port Addresses— Channels 0-3—001 8H 
Channels 4-7— 00D8H 



D7 D6 D5 D4 D3 D2 D1 DO 
| RBS1 | RBSO | TBS1 | TBSO | | | CI | CO | 



CHANNEL SELECT 
SEE MODE REGISTER I 



• TARGET BUS SIZE 

• REQUESTER BUS SIZE 
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Bus Size Encoding: 

00 = Reserved by Intel 10 = 16-bit Bus 

01 = 32-bit Bus* 11 = 8-bit Bus 

*lf programmed as 32-bit bus width, the corresponding device will be accessed in two 16-bit cycles provided that the data is 
aligned within word boundary. 

Chaining Register (read/write) 

Port Addresses— Channels 0-3— 001 9H 
Channels 4-7— 00D9H 



WRITE FORMAT: 
D7 D6 D5 


D4 


D3 


SET CHAINING MODE 
D2 D1 DO 
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| | | 


° 


° 


[CH I C1 | CO | 










1 | CHANNEL SELECT 


SEE MODE REGISTER 1 
CHAINING ENABLE BIT 




= DISABLE CHAINING MODE 

1 = ENABLE CHAINING MODE 
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READ FORMAT: 
D7 D6 D5 



D4 D3 



CHANNEL INTERRUPT STATUS 
D2 D1 DO 



| X | X | X I X | CI3 | CI2 | CM | CIO | 



CHANNEL 0(4) BASE EMPTY 
CHANNEL 1(5) BASE EMPTY 
CHANNEL 2(6) BAS£ EMPTY 
CHANNEL 3(7) BASE EMPTY 



3.8 8237A Compatibility 

The register arrangement of the 82370 DMA Con- 
troller is a superset of the 8£37A DMA Controller. 
Functionally the 82370 DMA Controller is very differ- 
ent from the 8237A. Most of the functions of the 
8237A are performed also by the 82370. The follow- 
ing discussion points out the differences between 
the 8237A and the 82370. 

The 8237A is limited to transfers between I/O and 
memory only (except in one special case, where two 
channels can be used to perform memory-to-memo- 
ry transfers). The 82370 DMA Controller can transfer 
between any combination of memory and I/O. Sev- 
eral other features of the 8237A are enhanced or 
expanded in the 82370 and other features are add- 
ed. 

The 8237A is an 8-bit only DMA device. For pro- 
gramming compatibility, all of the 8-bit registers are 
preserved in the 82370. The 82370 is programmed 
via 8-bit registers. The address registers in the 
82370 are 24-bit registers in order to support the 
80376's 24-bit bus. The Byte Count Registers are 
24-bit registers, allowing support of larger data 
blocks than possible with the 8237A. 

All of the 8237A's operating modes are supported 
by the 82370 (except the cumbersome two-channel 
memory-to-memory transfer). The 82370 performs 
memory-to-memory transfers using only one chan- 
nel. The 82370 has the added features of buffer 
pipelining (Buffer Chaining Process) and program- 
mable priority levels. 

The 82370 also adds the feature of address regis- 
ters for both destination and source. These address- 
es may be incremented, decremented, or held con- 
stant, as required by the application of the individual 
channel. This allows any combination of destination 
and source device. 



Each DMA channel has associated with it a Target 
and a Requester. In the 8237A, the Target is the 
device which can be accessed by the address regis- 
ter, the Requester is the device which is accessed 
by the DMA Acknowledge signals and must be an 
I/O device. 



4.0 PROGRAMMABLE INTERRUPT 
CONTROLLER (PIC) 

4.1 Functional Description 

The 82370 Programmable Interrupt Controller (PIC) 
consists of three enhanced 82C59A Interrupt Con- 
trollers. These three controllers together provide 15 
external and 5 internal interrupt request inputs. Each 
external request input can be cascaded with an ad- 
ditional 82C59A slave controller. This scheme al- 
lows the 82370 to support a maximum of 120 
(15x8) external interrupt request inputs. 

Following one or more interrupt requests, the 82370 
PIC issues an interrupt signal to the 80376. When 
the 80376 host processor responds with an interrupt 
acknowledge signal, the PIC will arbitrate between 
the pending interrupt requests and place the inter- 
rupt vector associated with the highest priority pend- 
ing request on the data bus. 

The major enhancement in the 82370 PIC over the 
82C59A is that each of the interrupt request inputs 
can be individually programmed with its own inter- 
rupt vector, allowing more flexibility in interrupt vec- 
tor mapping. 

4.1.1 INTERNAL BLOCK DIAGRAM 

The block diagram of the 82370 Programmable In- 
terrupt Controller is shown in Figure 4-1 . Internally, 
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the PIC consists of three 82C59A banks: A, B and C. 
The three banks are cascaded to one another: C is 
cascaded to B, B is cascaded to A. The INT output 
of Bank A is used externally to interrupt the 80376. 

Bank A has nine interrupt request inputs (two are 
unused), and Banks B and C have eight interrupt 
request inputs. Of the fifteen external interrupt re- 
quest inputs, two are shared by other functions. Spe- 
cifically, the Interrupt Request 3 input (IRQ3#) can 
be used as the Timer 2 output (TOUT2#). This pin 
can be used in three different ways: IRQ3# input 
only, TOUT2# output only, or using TOUT2# to 
generate an IRQ3# interrupt request. Also, the In- 
terrupt Request 9 input (IRQ9#) can be used as 
DMA Request 4 input (DREQ 4). Typically, only 
IRQ9# or DREQ4 can be used at a time. 



4.1.2 INTERRUPT CONTROLLER BANKS 

All three banks are identical, with the exception of 
the IRQ1 .5 on Bank A. Therefore, only one bank will 
be discussed. In the 82370 PIC, all external requests 
can be cascaded into and each interrupt controller 
bank behaves like a master. As compared to the 
82C59A, the enhancements in the banks are: 

— All interrupt vectors are individually programma- 
ble. (In the 82C59A, the vectors must be pro- 
grammed in eight consecutive interrupt vector lo- 
cations.) 

— The cascade address is provided on the Data 
Bus (D0-D7). (In the 82C59A, three dedicated 
control signals (CASO, CAS1, CAS2) are used for 
master/slave cascading.) 



IRQ16# 
IRQ17# 
IRQ18# 
IRQ19# 
IRQ20# 
IRQ21# 
IRQ22# 
IRQ23# 



T0UT0 (IRQ8#) 
DREQ4/IRQ9# 



IRQ.11# 
IRQ12# 
IRQ13# 
IRQ14# 
IRQ15# 



TOUT3#(IRQ0#) 

CHAINING (IRQ1#) 

ICW2 (IRQ 1 .5#) 



T0UT2#/IRQ3# 
SWReqTC(IRQ4#) 

NOT USED 

NOT USED 

DEFAULT (IRQ7#) — 







1 

\ INTERRUPT 
\ BANK 
5 C 
6 
7 








k. 


fc 









INT 




INT 
(OUTPUT) 
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Figure 4-1. Interrupt Controller Block Diagram 
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The block diagram of a bank is shown in Figure 4-2. 
As can be seen from this figure, the bank consists of 
six major blocks: the Interrupt Request Register 
(IRR), the In-Service Register (ISR), the Interrupt 
Mask Register (IMR), the Priority Resolver (PR), the 
Vector Registers (VR), and the Control Logic. The 
functional description of each block is included be- 
low. 

INTERRUPT REQUEST (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the Interrupt Request (IRQ) input 
lines are handled by two registers in cascade, the 
Interrupt Request Register (IRR) and the In-Service 
Register (ISR). The IRR is used to store all interrupt 
levels which are requesting service; and the ISR is 
used to store all interrupt levels which are being 
serviced. 

PRIORITY RESOLVER (PR) 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
an Interrupt Acknowledge cycle. 



INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked (disabled). The IMR operates on 
the IRR. Masking of a higher priority input will not 
affect the interrupt request lines of lower priority. 

VECTOR REGISTERS (VR) 

This block contains a set of Vector Registers, one 
for each interrupt request line, to store the pre-pro- 
grammed interrupt vector number. The correspond- 
ing vector number will be driven onto the Data Bus 
of the 82370 during the Interrupt Acknowledge cy- 
cle. 

CONTROL LOGIC 

The Control Logic coordinates the overall operations 
of the other internal blocks within the same bank. 
This logic will drive the Interrupt Output signal (INT) 
HIGH when one or more unmasked interrupt inputs 
are active (LOW). The INT output signal goes direct- 
ly to the 80376 (in bank A) or to another bank to 
which this bank is cascaded (see Figure 4-1). Also, 
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this logic will recognize an Interrupt Acknowledge 
cycle (via M/IO#, D/C# and W/R# signals). During 
this bus cycle, the Control Logic will enable the cor- 
responding Vector Register to drive the interrupt 
vector onto the Data Bus. 

In bank A, the Control Logic is also responsible for 
handling the special ICW2 interrupt request input 
(IRQ1.5). 



4.2 Interface Signals 



4.2.1 INTERRUPT INPUTS 

There are 1 5 external Interrupt Request inputs and 5 
internal Interrupt Requests. The external request in- 
puts are: IRQ3#, IRQ9#, IRQ11 # to IRQ23#. They 
are shown in bold arrows in Figure 4-1. All IRQ in- 
puts are active LOW and they can be programmed 
(via a control bit in the Initialization Command Word 
1 (ICW1)) to be either edge-triggered or level-trig- 
gered. In order to be recognized as a valid interrupt 
request, the interrupt input mu^t be active (LOW) un- 
til the first INTA cycle (see Bus Functional Descrip- 
tion). Note that all 15 external Interrupt Request in- 
puts have weak internal pull-up resistors. 

As mentioned earlier, an 82C59A can be cascaded 
to each external interrupt input to expand the inter- 
rupt capacity to a maximum of 1 20 levels. Also, two 
of the interrupt inputs are dual functions: IRQ3# can 
be used as Timer 2 output (TOUT2#) and IRQ9# 
can be used as DREQ4 input. IRQ3# is a bidirec- 
tional dual function pin. This interrupt request input is 
wired-OR with the output of Timer 2 (TOUT2#). If 
only IRQ3# function is to be used, Timer 2 should 
be programmed so that OUT2 is LOW. Note that 
TOUT2# can also be used to generate an interrupt 
request to IRQ3# input. 

The five internal interrupt requests serve special 
system functions. They are shown in Table 4-1 . The 
following paragraphs describe these interrupts. 

Table 4-1. 82370 Internal Interrupt Requests 



Interrupt Request 


Interrupt Source 


IRQ0# 
IRQ8# 
IRQ1# 
IRQ4# 
IRQ1.5# 


Timer 3 Output (TOUT3) 
Timer Output (TOUT0) 
DMA Chaining Request 
DMA Terminal Count 
ICW2 Written 



TIMER AND TIMER 3 INTERRUPT REQUESTS 

IRQ8# and IRQ0# interrupt requests are initiated 
by the output of Timers and 3, respectively. Each 
of these requests is generated by an edge-detector 
flip-flop. 



The flip-flops are activated by the following condi- 
tions: 

Set — Rising edge of timer output (TOUT); 

Clear — Interrupt acknowledge for this request; OR 
Request is masked (disabled); OR Hard- 
ware Reset. 

CHAINING AND TERMINAL COUNT INTERRUPTS 

These interrupt requests are generated by the 
82370 DMA Controller. The chaining request 
(IRQ1#) indicates that the DMA Base Register is 
not loaded. The Terminal Count request (IRQ4#) in- 
dicates that a software DMA request was cleared. 

ICW2 INTERRUPT REQUEST 

Whenever an Initialization Control Word 2 (ICW2) is 
written to a Bank, a special ICW2 interrupt request is 
generated. The interrupt will be cleared when the 
newly programmed ICW2 Register is read. This in- 
terrupt request is in Bank A at level 1 .5. This inter- 
rupt request is internally ORed with the Cascaded 
Request from Bank B and is always assigned a high- 
er priority than the Cascaded Request. 

This special interrupt is provided to support compati- 
bility with the original 82C59A. A detailed description 
of this interrupt is discussed in the Programming 
section. ' 

DEFAULT INTERRUPT (IRQ7#) 

During an Interrupt Acknowledge cycle, if there is no 
active pending request, the PIC will automatically 
generate a default vector. This vector corresponds 
to the IRQ7# vector in bank A. 



4.2.2 INTERRUPT OUTPUT (INT) 

The INT output pin is taken directly from bank A. 
This signal should be tied to the Maskable Interrupt 
Request (INTR) of the 80376. When this signal is 
active (HIGH), it indicates that one or more internal/ 
external interrupt requests are pending. The 80376 
is expected to respond with an interrupt acknowl- 
edge cycle. 



4.3 Bus Functional Description 

The INT output of bank A will be activated as a result 
of any unmasked interrupt request. This may be a 
non-cascaded or cascaded request. After the PIC 
has driven the INT signal HIGH, the 80376 will re- 
spond by performing two interrupt acknowledge cy- 
cles. The timing diagram in Figure 4-3 shows a typi- 
cal interrupt acknowledge process between the 
82370 and the 80376 CPU. 
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NOTE: 

What is actually driven on the Data Bus depends on if the current interrupt request is a Slave Request. 


INTA Cycle 1 INTACycle2 

NON-SLAVE REQUEST 00H Vector 
SLAVE REQUEST Slave Address High Impedence* 
* Slave will place a vector at this time. 



Figure 4-3. Interrupt Acknowledge Cycle 



After activating the INT signal, the 82370 monitors 
the status lines (M/IO#, D/C#, W/R#) and waits 
for the 80376 to initiate the first interrupt acknowl- 
edge cycle. In the 80376 environment, two succes- 
sive interrupt acknowledge cycles (INTA) marked by 
M/IO# = LOW, D/C# = LOW, and W/R# = LOW 
are performed. During the first INTA cycle, the PIC 
will determine the highest priority request. Assuming 
this interrupt input has no external Slave Controller 
cascaded to it, the 82370 will drive the Data Bus 
with 00H in the first INTA cycle. During the second 
INTA cycle, the 82370 PIC will drive the Data Bus 
with the corresponding pre-programmed interrupt 
vector. 

If the PIC determines (from the ICW3) that this inter- 
rupt input has an external Slave Controller cascaded 
to it, it will drive the Data Bus with the specific Slave 
Cascade Address (instead of OOHj during the first 
INTA cycle. This Slave Cascade Address is the pre- 
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be 00H. Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INTA cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec- 
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 
and direction control logic must take this into consid- 
eration. 



In order to have a successful interrupt service, the 
interrupt request input must be held valid (LOW) until 
the beginning of the first interrupt acknowledge cy- 
cle. If there is no pending interrupt request when the 
first INTA cycle is generated, the PIC will generate a 
default vector, which is the IRQ7 vector (Bank A, 
level 7). 

According to the Bus Cycle definition of the 80376, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These idle bus cycles 
will be initiated by the 80376. Also, during each inter- 
rupt acknowledge cycle, the internal Wait State Gen- 
erator of the 82370 will automatically generate the 
required number of wait states for internal delays. 



4.4 Modes of Operation 

A variety of modes and commands are available for 
controlling the 82370 PIC. All of them are program- 
mable; that is, they may be changed dynamically un- 
der software control. In fact, each bank dan be pro- 
grammed individually to operate in different modes. 
With these modes and commands, many possible 
configurations are conceivable, giving the user 
enough versatility for almost any interrupt controlled 
application. 

This section is not intended to show how the 82370 
PIC can be programmed. Rather, it describes the 
operation in different modes. 
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4.4.1 END-OF-INTERRUPT 

Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISR can 
be updated. This allows the PIC to keep track of 
which interrupt levels are in the process of being 
serviced and their relative priorities. Three different 
End-Of-lnterrupt (EOI) formats are available. They 
are: Non-Specific EOI Command, Specific EOI Com- 
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera- 
tions the user wishes to perform. 

If the 82370 is NOT programmed in the Automatic 
EOI Mode, an EOI command must be issued by the 
80376 to the specific 82370 PIC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam- 
ple, if an interrupt request of Bank C in the 82370 
PIC is serviced, an EOI should be written into Bank 
C, Bank B and Bank A. If the request comes from an 
external interrupt controller cascaded to Bank C, 
then an EOI should be written into the external con- 
troller as well. 

NON-SPECIFIC EOI COMMAND 

A Non-Specific EOI command sent from the 80376 
lets the 82370 PIC bank know when a service rou- 
tine has been completed, without specification of its 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re- 
sets the correct bit in the ISR. 

To take advantage of the Non-Specific EOI, the in- 
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most recent level acknowl- 
edged and serviced is always the highest priority lev- 
el (i.e. in the Fully Nested Mode structure to be de- 
scribed below). When the interrupt bank receives a 
Non-Specific EOI command, it simply resets the 
highest priority ISR bit to indicate that the highest 
priority routine in service is finished. 

Special consideration should be taken when decid- 
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 
used since the Fully Nested Mode structure will be 
destroyed: 

— Using the Set Priority command within an inter- 
rupt service routine. 

— Using a Special Mask Mode. 

These conditions are covered in more detail in their 
own sections, but are listed here for reference. 



SPECIFIC EOI COMMAND 

Unlike a Non-Specific EOI command which automat- 
ically resets the highest priority ISR bit, a Specific 
EOI command specifies an exact ISR bit to be reset. 
Any one of the IRQ levels of an interrupt bank can 
be specified in the command. 

The Specific EOI command is needed to reset the 
ISR bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific EOI command usage mentioned 
above. 

AUTOMATIC EOI MODE 

When programmed in the Automatic EOI Mode, the 
80376 no longer needs to issue a command to notify 
the interrupt bank it has completed an interrupt rou- 
tine. The interrupt bank accomplishes this by per- 
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 

Special consideration should be taken when decid- 
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure. In the Auto- 
matic EOI Mode, the ISR bit of a routine in service is 
reset right after it is acknowledged, thus leaving no 
designation in the ISR that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en- 
abled, it will get serviced regardless of its priority. 
Therefore, when using this mode, the 80376 should 
keep its interrupt request input disabled during exe- 
cution of a service routine. By doing this, higher pri- 
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re- 
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt- 
ed since the host's interrupt request input is dis- 
abled. 



4.4.2 INTERRUPT PRIORITIES 

The 82370 PIC provides various methods for arrang- 
ing the interrupt priorities of the interrupt request in- 
puts to suit different applications. The following sub- 
sections explain these methods in detail. 



4.4.2.1 Fully Nested Mode 

The Fully Nested Mode of operation is a general pur- 
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Re- 
quest (IRQ) inputs within one bank are arranged 
from highest to lowest. 
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Unless otherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, IRQ0# is assigned the highest priority 
(priority =0) and IRQ7# the lowest (priority =7). 
This default priority can be changed, as will be ex- 
plained later in the Rotating Priority Mode. 

When an interrupt js acknowledged, the highest pri- 
ority request is determined from the Interrupt Re- 
quest Register (IRR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv- 
ice Register (ISR) is set to designate the routine in 
service. This ISR bit will remain set until the 80376 
issues an End Of Interrupt (EOI) command immedi- 
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second INTA cycle. 

While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in- 
terrupts can still generate an interrupt, which will be 
acknowledged only if the 80376 internal interrupt en- 
able flip-flop has been reenabled (through software 
inside the current service routine). 



4.4.2.2 Automatic Rotation -Equal Priority 
Devices 

Automatic rotation of priorities serves in applications 
where the interrupting devices are of equal priority 



within an interrupt bank. In this kind of environment, 
once a device is serviced, all other equal priority pe- 
ripherals should be given a chance to be serviced 
before the original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other peripherals connected to the same bank are 
serviced before it is serviced again. 

There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the Non- 
Specific EOI command and the other is used with 
the Automatic EOI mode. These two methods are 
discussed below. 

ROTATE ON NON-SPECIFIC EOI COMMAND 

When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re- 
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to conform to the Fully Nested Mode based 
on the newly assigned low priority. 

Figure 4-4 shows how the Rotate On Non-Specific 
EOI command affects the interrupt priorities. As- 
sume the IRQ priorities were assigned with IRQO the 
highest and IRQ7 the lowest. IRQ6 and IRQ4 are 
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already in service but neither is completed. Being 
the higher priority routine, IRQ4 is necessarily the 
routine being executed. During the IRQ4 routine, a 
rotate on Non-Specific EOI command is executed. 
When this happens, Bit 4 in the ISR is reset. IRQ4 
then becomes the lowest priority and IRQ5 becomes 
the highest. 

ROTATE ON AUTOMATIC EOI MODE 

The Rotate On Automatic EOI Mode works much 
like the Rotate On Non-Specific EOI Command. The 
main difference is that priority rotation is done auto- 
matically after the second INTA cycle of an interrupt 
request. To enter or exit this mode, a Rotate-On-Au- 
tomatic-EOI Set Command and Rotate-On-Automat- 
ic-EOI Clear Command is provided. After this mode 
is entered, no other commands are needed as in the 
normal Automatic EOI Mode. However, it must be 
noted again that when using any form of the Auto- 
matic EOI, Mode, special consideration should be 
taken. The guideline presented in the Automatic EOI 
Mode also applies here. 

4.4.2.3 Specific Rotation -Specific Priority 

Specific rotation gives the user versatile capabilities 
in interrupt controlled operations. It serves in those 
applications in which a specific device's interrupt pri- 
ority must be altered. As opposed to Automatic Ro- 
tation which will automatically set priorities after 
each interrupt request is serviced, specific rotation is 
completely user controlled. That is, the user selects 
which interrupt level is to receive the lowest or the 
highest priority. This can be done during the main 
program or within interrupt routines. Two specific ro- 



tation commands are available to the user: Set Prior- 
ity Command and Rotate On Specific EOI Com- 
mand. 

SET PRIORITY COMMAND 

The Set Priority Command allows the programmer to 
assign an IRQ level the lowest priority. All other in- 
terrupt levels will conform to the Fully Nested Mode 
based on the newly assigned low priority. 

ROTATE ON SPECIFIC EOI COMMAND 

The Rotate On Specific EOI Command is literally a 
combination of the Set Priority Command and the 
Specific EOI Command. Like the Set Priority Com- 
mand, a specified IRQ level is assigned lowest priori- 
ty. Like the Specific EOI Command, a specified level 
will be reset in the ISR. Thus, this command accom- 
plishes both tasks in one single command. 



4.4.2.4 Interrupt Priority Mode Summary 

In order to simplify understanding the many modes 
of interrupt priority, Table 4-2 is provided to bring out 
their summary of operations. 



4.4.3 INTERRUPT MASKING 

VIA INTERRUPT MASK REGISTER 

Each bank in the 82370 PIC has an Interrupt Mask 
Register (I MR) which enhances interrupt control ca- 



Table 4-2. Interrupt Priority Mode Summary 



Interrupt 

Priority 

Mode 


Operation 
Summary 


Effect On Priority After EOI 


Non-Specific/ Automatic 


Specific 


Fully-Nested Mode 


IRQ0# - Highest Priority 
IRQ7# - Lowest Priority 


No change in priority. 
Highest ISR bit is reset. 


Not Applicable. 


Automatic Rotation 
(Equal Priority Devices) 


Interrupt level just 
serviced is the lowest 
priority. 

Other priorities rotate to 
conform to Fully-Nested 
Mode. 


Highest ISR bit is reset 
and the corresponding 
level becomes the lowest 
priority. 


Not Applicable. 


Specific Rotation 
(Specific Priority Devices) 


User specifies the 
lowest priority level. 

Other priorities rotate to 
conform to Fully-Nested 
Mode. 


Not Applicable. 


As described under 
"Operation Summary". 
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pabilities. This I MR allows Individual IRQ masking. 
When an IRQ is masked, its interrupt request is dis- 
abled until it is unmasked. Each bit in the 8-bit IMR 
disables one interrupt channel if it is set (HIGH). Bit 
masks IRQO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel will only disable the corre- 
sponding channel and does not affect the others' 
operations. 

The IMR acts only on the output of the IRR. That is, 
if an interrupt occurs while its IMR bit is set, this 
request is not "forgotten". Even with an IRQ input 
masked, it is still possible to set the IRR. Therefore, 
when the IMR bit is reset, an interrupt request to the 
80376 will then be generated, providing that the IRQ 
request remains active. If the IRQ request is re- 
moved before the IMR is reset, the Default Interrupt 
Vector (Bank A, level 7) will be generated during the 
interrupt acknowledge cycle. 

SPECIAL MASK MODE 

In the Fully Nested Mode, all IRQ levels of lower 
priority than the routine in service are inhibited. How- 
ever, in some applications, it may be desirable to let 
a lower priority interrupt request to interrupt the rou- 
tine in service. One method to achieve this is by 
using the Special Mask Mode. Working in conjunc- 
tion with the IMR, the Special Mask Mode enables 
interrupts from all levels except the level in service. 
This is usually done inside an interrupt service rou- 
tine by masking the level that is in service and then 
issuing the Special Mask Mode Command. Once the 
Special Mask Mode is enabled, it remains in effect 
until it is disabled. 



4.4.4 EDGE OR LEVEL INTERRUPT 
TRIGGERING 

Each bank in the 82370 PIC can be programmed 
independently for either edge or level sensing for the 



interrupt request signals. Recall that all IRQ inputs 
are active LOW. Therefore, in the edge triggered 
mode, an active edge is defined as an input tran- 
sition from an inactive (HIGH) to active (LOW) state. 
The interrupt input may remain active without gener- 
ating another interrupt. During level triggered mode, 
an interrupt request will be recognized by an active 
(LOW) input, and there is no need for edge detec- 
tion. However, the interrupt request must be re- 
moved before the EOI Command is issued, or the 
80376 must be disabled to prevent a second false 
interrupt from occurring. 

In either modes, the interrupt request input must be 
active (LOW) during the first INTA cycle in order to 
be recognized. Otherwise, the Default Interrupt Vec- 
tor will be generated at level 7 of Bank A. 



4.4.5 INTERRUPT CASCADING 

As mentioned previously, the 82370 allows for exter- 
nal Slave interrupt controllers to be cascaded to any 
of its external interrupt request pins. The 82370 PIC 
indicates that an external Slave Controller is to be 
serviced by putting the contents of the Vector Regis- 
ter associated with the particular request on the 
80376 Data Bus during the first INTA cycle (instead 
of 00H during a non-slave service). The external log- 
ic should latch the vector on the Data Bus using the 
INTA status signals and use it to select the external 
Slave Controller to be serviced (see Figure 4-5). The 
selected Slave will then respond to the second INTA 
cycle and place its vector on the Data Bus. This 
method requires that if external Slave Controllers 
are used in the system, no vector should be pro- 
grammed to 00H. 

Since the external Slave Cascade Address is provid- 
ed on the Data Bus during INTA cycle 1, an external 
latch is required to capture this address for the Slave 
Controller. A simple scheme is depicted in Figure 
4-5 below. 
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4.4.5.1 Special Fully Nested Mode 

This mode will be used where cascading is em- 
ployed and the priority is to be conserved within 
each Slave Controller. The Special Fully Nested 
Mode is similar to the "regular" Fully Nested Mode 
with the following exceptions: 

— When an interrupt request from a Slave Control- 
ler is in service, this Slave Controller is not 
locked out from the Master's priority logic. Fur- 
ther interrupt requests from the higher priority 
logic within the Slave Controller will be recog- 
nized by the 82370 PIC and will initiate interrupts 
to the 80376. In comparing to the "regular" Fully 
Nested Mode, the Slave Controller is masked out 
when its request is in service and no higher re- 
quests from the same Slave Controller can be 
serviced. 

— Before exiting the interrupt service routine, the 
software has to check whether the interrupt serv- 
iced was the only request from the Slave Con- 
troller. This is done by sending a Non-Specific 
EOI Command to the Slave Controller and then 
reading its In Service Register. If there are no 
requests in the Slave Controller, a Non-Specific 
EOI can be sent to the corresponding 82370 PIC 
bank also. Otherwise, no EOI should be sent. 



4.4.6 READING INTERRUPT STATUS 

The 82370 PIC provides several ways to read differ- 
ent status of each interrupt bank for more flexible 
interrupt control operations. These include polling 
the highest priority pending interrupt request and 
reading the contents of different interrupt status reg- 
isters. 



4.4.6.1 Poll Command 

The 82370 PIC supports status polling operations 
with the Poll Command. In a Poll Command, the 
pending interrupt request with the highest priority 
can be determined. To use this command, the INT 
output is not used, or the 80376 interrupt is disabled. 
Service to devices is achieved by software using the 
Poll Command. 



This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed. Another application is to use 
the Poll Command to expand the number of priority 
levels. 

Notice that the ICW2 mechanism is not supported 
for the Poll Command. However, if the Poll Com- 
mand is used, the programmable Vector Registers 
are of no concern since no INTA cycle will be gener- 
ated. 



4.4.6.2 Reading Interrupt Registers 

The contents of each interrupt register (IRR, ISR, 
and I MR) can be read to update the user's program 
on the present status of the 82370 PIC. This can be 
a versatile tool in the decision making process of a 
service routine, giving the user more control over 
interrupt operations. 

The reading of the IRR and ISR contents can be 
performed via the Operation Control Word 3 by us- 
ing a Read Status Register Command and the con- 
tent of IMR can be read via a simple read operation 
of the register itself. 



4.5 Register Set Overview 

Each bank of the 82370 PIC consists of a set of 8-bit 
registers to control its operations. The address map 
of all the registers is shown in Table 4-3 below. 
Since all three register sets are identical in functions, 
only one set will be described. 

Functionally, each register set can be divided into 
five groups. They are: the four Initialization Com- 
mand Words (ICW's), the three Operation Control 
Words (OCW's), the Poll/Interrupt Request/ In-Serv- 
ice Register, the Interrupt Mask Register, and the 
Vector Registers. A description of each group fol- 
lows. 
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Table 4-3. Interrupt Controller Register Address Map 



Port 
Address 


Access 


Register Description 


20H 

21H 

22H 
28H 
29H 
2AH 
2BH 
2CH 
2DH 
2EH 
2FH 


Write 
Read 

Write 

Read 

Read 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 


Bank B ICW1 , OCW2, or OCW3 
Bank B Poll, Request or In-Service 

Status Register 
Bank B ICW2, ICW3, ICW4, OCW1 
Bank B Mask Register 
BankBICW2 
IRQ8 Vector Register 
I RQ9 Vector Register 
Reserved 

IRQ1.1 Vector Register 
IRQ1 2 Vector Register 
IRQ! 3 Vector Register 
IRQ1 4 Vector Register 
IRQ1 5 Vector Register 


AOH 

A1H 

A2H 
A8H 
A9H 
AAH 
ABH 
ACH 
ADH 
AEH 
AFH 


Write 
Read 

Write 

Read 

Read 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 


Bank C ICWi , OCW2, or OCW3 
Bank C Poll, Request or In-Service 

Status Register 
Bank C ICW2, ICW3, ICW4, OCW1 
Bank C Mask Register 
BankCICW2 
IRQ1 6 Vector Register 
IRQ17 Vector Register 
IRQ1 8 Vector Register 
IRQ1 9 Vector Register 
IRQ20 Vector Register 
IRQ21 Vector Register 
IRQ22 Vector Register 
IRQ23 Vector Register 


30H 

31H 

32H 
38H 
39H 
3AH 
3BH 
3CH 
3DH 
3EH 
3FH 


. Write 
Read 

Write 

Read 

Read 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 


Bank A ICW1 , OCW2, or OCW3 
Bank A Poll, Request or In-Service 

Status Register 
Bank A ICW2, ICW3, ICW4, OCW1 
Bank A Mask Register 
BanklCW2 
IRQO Vector Register 
I RQ1 Vector Register 
IRQ1 .5 Vector Register 
IRQ3 Vector Register 
IRQ4 Vector Register 
Reserved 
Reserved 
IRQ7 Vector Register 
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4.5.1 INITIALIZATION COMMAND WORDS (ICW) ICW4 

Before normal operation can begin, the 82370 PIC 
must be brought to a known state. There are four 
8-bit Initialization Command Words in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second com- 
mand word (ICW2) which is a read/write register, the 
other three are write-only registers. Without going 
into detail of the bit definitions of the command 
words, the following subsections give a brief de- 
scription of what functions each command word 
controls. 



ICW1 

The ICW1 has three major functions. They are: 

— To select between the two IRQ input triggering 
modes (edge- or level-triggered); 

— To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program- 
ming. Otherwise, no ICW3 will be accepted; 

— To determine whether or not ICW4 will be issued; 
that is, if any of the ICW4 operations are to be 
used. 

ICW2 

ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from bank A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80376. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif- 
ferent addresses for read and write operations. 

ICW3 

The interrupt bank will only accept an ICW3 if pro- 
grammed in the external cascade mode (as indicat- 
ed in ICW1). ICW3 is used for specific programming 
within the cascade mode. The bits in ICW3 indicate 
which interrupt request inputs have a Slave cascad- 
ed to them. This will subsequently affect the inter- 
rupt vector generation during the interrupt acknowl- 
edge cycles as described previously. 



The ICW4 is accepted only if it was selected in 
ICW1 . This command word register serves two func- 
tions: 

— To select either the Automatic EOI mode or soft- 
ware EOI mode; 

— To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 

4.5.2 OPERATION CONTROL WORDS (OCW) 

Once initialized by the ICW's, the interrupt banks will 
be operating in the Fully Nested Mode by default 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's. Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8-bit write-only registers. 

The modes and operations controlled by the OCW's 
are: 

— Fully Nested Mode; 

— Rotating Priority Mode; 

— Special Mask Mode; 

— Poll Mode; 

— EOI Commands; 

— Read Status Commands. 

OCW1 

OCW1 is used solely for masking operations. It pro- 
vides a direct link to the Internal Mask Register 
(IMR). The 80376 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
pre-programmed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 

OCW2 

OCW2 is used to select End-Of-lnterrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper- 
ations. Associated commands and modes of these 
operations are selected using the different combina- 
tions of bits in OCW2. 

Specifically, the OCW2 is used to: 

— Designate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific priori- 
ty. This function can be enabled or disabled; 

— Select which software EOI command (if any) is to 
be executed (i.e. Non-Specific or Specific EOI); 

— Enable one of the priority rotation operations (i.e. 
Rotate On Non-Specific EOI, Rotate On Auto- 
matic EOI, or Rotate On Specific EOI). 



4-857 



MeT 



82370 



&mHMi©E 0M(F©^0M70©M 



OCW3 

There are three main categories of operation that 
OCW3 controls. They are summarized as follows: 

— To select and execute the Read Status Register 
Commands, either reading the Interrupt Request 
Register (IRR) or the In-Service Register (ISR); 

— To issue the Poll Command. The Poll Command 
will override a Read Register Command if both 
functions are enabled simultaneously; 

— To set or reset the Special Mask Mode. 

4.5.3 POLL/INTERRUPT REQUEST/IN-SERVICE 
STATUS REGISTER 

As the name implies, this 8-bit read-only register has 
multiple functions. Depending on the command is- 
sued in the OCW3, the content of this register re- 
flects the result of the command executed. For a 
Poll Command, the register read contains the binary 
code of the highest priority level requesting service 
(if any). For a Read IRR Command, the register con- 
tent will show the current pending interrupt re- 
quests). Finally, for a Read ISR Command, this reg- 
ister will specify all interrupt levels which are being 
serviced. 



4.5.4 INTERRUPT MASK REGISTER (IMR) 

This is a read-only 8-bit register which, when read, 
will specify all interrupt levels within the same bank 
that are masked. 



4.5.5 VECTOR REGISTERS (VR) 

Each interrupt request input has an 8-bit read/write 
programmable vector register associated with it. The 
registers should be programmed to contain the inter- 
rupt vector for the corresponding request. The con- 
tents of the Vector Register will be placed on the 
Data Bus during the INTA cycles as described previ- 
ously. 



4.6 Programming 

Programming the 82370 PIC is accomplished by us- 
ing two types of command words: ICW's and 
OCW's. All modes and commands explained in the 
previous sections are programmable using the 
ICW's and OCW's. The ICW's are issued from the 
80376 in a sequential format and are used to setup 
the banks in the 82370 PIC in an initial state of oper-, 
ation. The OCW's are issued as needed to vary and 
control the 82370 PIG's operations. 

Both ICW's and OCW's are sent by the 80376 to the 
interrupt banks via the Data Bus. Each bank distin- 
guishes between the different ICW's and OCW's by 
the I/O address map, the sequence they are issued 
(ICW's only), and by some dedicated bits among the 
ICW's and OCW's. 

An example of programming the 82370 interrupt 
controllers is given in Appendix C (Programming the 
82370 Interrupt Controllers). 

All three interrupt banks are programmed in a similar 
way. Therefore, only a single bank will be described 
in the following sections. 



4.6.1 INITIALIZATION (ICW) 

Before normal operation can begin, each bank must 
be initialized by programming a sequence of two to 
four bytes written into the ICW's. 

Figure 4-6 shows the initialization flow for an inter- 
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. However, ICW3 and ICW4 are 
used only if designated in ICW1. Once initialized, if 
any programming changes within the ICW's are to 
be made, the entire ICW sequence must be repro- 
grammed, not just an individual ICW. 

Note that although the ICW2's in the 82370 PIC do 
not effect the Bank's operation, they still must be 
programmed in order to preserve the compatibility 
with the 82C59A. The contents programmed are not 
relevant to the overall operations of the interrupt 
banks. Also, whenever one of the three ICW2's is 
programmed, an interrupt level 1 .5 in Bank A will be 
generated. This interrupt request will be cleared 
upon reading of the ICW2 registers. Since the three 
ICW2's share the same interrupt level and the sys- 
tem may not know the origin of the interrupt, all three 
ICW2's must be read. 
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Figure 4-6. Initialization Sequence 



Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issueaV These are: 

— The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 

— The Interrupt Mask Register (I MR) is cleared; 
that is, all interrupt inputs are enabled; 

— IRQ7 input of each bank is assigned priority 7 
(lowest); 

— Special Mask Mode is cleared and Status Read 
is set to IRR; 

— If no ICW4 is needed, then no Automatic-EOI is 
selected. 



4.6.2 VECTOR REGISTERS (VR) 

Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop- 
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev- 
er an ICW2 is written during the initialization se- 
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter- 
rupt service routine of this vector is set up before the 
ICW's are written. 
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4.6.3 OPERATION CONTROL WORDS (OCW) 

After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the OCW's as explained before. There is 
no special programming sequence required for the 
OCW's. Any OCW may be written at any time in or- 
der to change the mode of or to perform certain op- 
erations on the interrupt banks. 



4.6.3.1 Read Status and Poll Commands (OCW3) 

Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the 
same read-only Status Register, a special Read 
Status/ Poll Command must be issued before the 
Poll/ Interrupt Request/ In-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear- 
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the Poll 
Command will override the Status Read. That is, af- 
ter the command execution, the Status Register will 
contain the result of the Poll Command. 



Note that for reading IRR and ISR, there is no need 
to issue a Read Status Command to the OCW3 ev- 
ery time the IRR or ISR is to be read. Once a Read 
Status Command is received by the interrupt bank, it 
"remembers" which register is selected. However, 
this is not true when the Poll Command is used. 

In the Poll Command, after the OCW3 is written, the 
82370 PIC treats the next read to the Status Regis- 
ter as an interrupt acknowledge. This will set the ap- 
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 

In addition to the above read commands, the Inter- 
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre- 
programmed OCW1 which contains information on 
which interrupt request(s) is(are) currently disabled. 



4.7 Register Bit Definition 

INITIALIZATION COMMAND WORD 1 (ICW1) 



D7 



D6 



D5 



D4 



D3 



D2 



LLl 



LTIM 



D1 DO 
| SNG L | IC4 "\ 



- EDGE TRIGGERED 

1 - LEVEL TRIGGERED 



- NO ICW4 NEEDED 

1 - ICW4 NEEDED 



- EXTERNAL CASCADE 

(ICW3 NEEDED) 

1 - NO EXTERNAL CASCADE 

(ICW3 NOT NEEDED) 



INITIALIZATION COMMAND WORD 2 (ICW2) 



| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 



CONTENT IS NOT RELEVANT TO THE ACTUAL 
OPERATION OF THE BANK BUT CAN BE READ 

BY THEINTERRUPT SERVICE ROUTINE TO 

DETERMINE WHERE THE INTERRUPT VECTORS 

OF EACH BANK START. 
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INITIALIZATION COMMAND WORD 3 (ICW3) 
ICW3 for Bank A: 



D7 D6 D5 D4 D3 D2 D1 DO 
|0|0|0|0|S3|0|0|0| 

I — ► - NO SLAVE CASCADED TO BANK A 
1 - THERE IS A SLAVE CASCADED 
TO T0UT2#/IRQ3# PIN 



ICW3 for Bank B: 



D7 D6 D5 D4 D3 D2 D1 DO 


|S15 |S14 |S13|S12 | S11 | X | S9 | | 




| | 


I I 






— ► - NO CASCADED REQUEST TO IRQN 
1 - THERE IS A CASCADED REQUEST 
CONNECTED TO IRQN (I.E. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 

290164-57 



ICW3 for Bank C: 




























D7 


D6 


D5 


D4 D3 D2 D1 DO 


290164-58 


[S23 


S22 


S21 


S20 | S19 | S18 | S17 | S16 | 




























— ► - NO CASCADED 

1 - THERE IS A C/ 

CONNECTED T 


REQUEST TO IRQN 
kSCADED REQUEST 
IRQN 



INITIALIZATION COMMAND WORD 4 (IC 


;W4) 










D7 D6 D5 D4 D3 


D2 


D1 


DO 


290164-59 


LZ 


o | o |sfnm| x 


* 


| AEOI | 


Zl 












wO = NORMALEOI 






W 1 = AUTOMATIC EOI 
^ = NOT SPECIAL FULLY NESTED MODE 




\ 








w 1 = SPECIAL FULLY NESTED MODE 
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OPERATION CONTROL WORD 1 (0CW1) 
















D7 D6 D5 D4 D3 02 01 DO 


290164-60 


| M7 | M6 


M5 


M4 1 M3 


M2 


M1 | MO | 
























^ Mi=1 MASKS 


ET (INTERRUPT DISABLED) 
ESET (INTERRUPT ENABLED) 
















M! = 


M 


ASKR 



OPERATION CONTROL WORD 2 (0CW2) 



D7 


06 D5 


D4 D3 D2 D1 DO 


nr 


| SL | EOl 


| | | L2 | L1 | LO | 


T1 

( 


1 ( 
1 ( 
c 
1 

1 




I I 

) 1 

1 

) 1 

) 
) 

1 





I I ' 


1 ^ INTERRUPT LEVEL 

NON-SPECIFIC EO. COMMAND T0 BE ACTED UP0N 

SPECIFIC EOl COMMAND 

ROTATE ON NON-SPECIFIC EOl 

ROTATE ON AUTO-EOI MODE (SET) 

ROTATE ON AUTO-EOI MODE (CLEAR) 

ROTATE ON SPECIFIC EOl (L2-L0 USED) 

SET PRIORITY (L2-L0 USED) 

NO OPERATION t _ 
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OPERATION CONTROL WORD 3 (OCW3) 



D7 



06 



D5 



04 



D3 



D2 



01 



DO 



ESMM | SMM 



T_r 



ESMM SMM 


1 

1 
1 1 



NO ACTION 

NO ACTION 

RESET SPECIAL MASK 

SET SPECIAL MASK 



RR 



RIS 



t: 



1 - POLL COMMAND 
0- NO POLL COMMAND 



RIS 


1 

1 



NO ACTION 
NO ACTION 
READ IR REG. 
READ IS REG. 
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ESMM — Enable Special Mask Mode. When this bit is set to 1, it enables the SMM bit to set or reset the 
Special Mask Mode. When this bit is set to 0, SMM bit becomes don't care. 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 , the interrupt controller bank will enter Special Mask 
Mode. If ESMM = 1 and SMM - 0, the bank will revert to normal mask mode. When ESMM = 0, SMM 
has no effect. 
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POLL/INTERRUPT REQUEST/IN-SERVICE STATUS REGISTER 
Poll Command Status 



D7 D6 D5 D4 D3 D2 01 DO 


| I | X | X | X 


X | W2 | W1 | WO | 




► O-NO PENDIN 

1 - PENDING IN 


I I 


L-* BINARY CODE OF 

THE HIGHEST PRIORITY 
LEVEL REQUESTING 
G INTERRUPT 

TERRUPT 
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Interrupt Request Status 












D7 D6 D5 


D4 D3 D2 D1 


DO 


290164-64 


| IRQ7 | IRQ6 | IRQ5 
IF IRQ BIT IS: 


| IRQ4 | IRQ3 | IRQ2 | IRQ1 

- NO REQUEST 

1 - REQUEST PENDING 


IRQO | 



NOTE: 

Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pins so that when there 
is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request Status 
register. 



In-Service Status 










D7 D6 D5 


D4 D3 D2 D1 DO 




| IS7 | IS6 | IS5 


IS4 | IS3 | IS2 | IS1 | ISO | 




IF IS BIT IS: 


- NOT IN-SERVICE 


« 






1 - REQUEST IS IN-SERVICE 
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VECTOR REGISTER (VR) 





J D7 J D6 J D5 J D4 J 03 


D2 | D1 


DO | 




i 




i 

8-BIT VECTOR NUMBER 
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Table 4-4. Register Operational Summary 



Operational 


Command 


Bits 


Description 


Words 


Fully Nested Mode 


OCW-Default 




Non-specific EOI Command 


OCW2 


EOI 


Specific EOI Command 


OCW2 


SL, EOI, L0-L2 


Automatic EOI Mode 


ICW1JCW4 


IC4, AEOI 


Rotate On Non-Specific 


OCW2 


EOI 


EOI Command 






Rotate On Automatic 


OCW2 


R, SL, EOI 


EOI Mode 






Set Priority Command 


OCW2 


L0-L2 


Rotate On Specific 


OCW2 


R, SL, EOI 


EOI Command 






Interrupt Mask Register 


OCW1 


M0-M7 


Special Mask Mode 


OCW3 


ESMM, SMM 


Level Triggered Mode 


ICW1 


LTIM 


Edge Triggered Mode 


ICW1 


LTIM 


Read Register Command, IRR 


OCW3 


RR, RIS 


Read Register Command, ISR 


OCW3 


RR, RIS 


Read IMR 


IMR 


M0-M7 


Poll Command 


OCW3 


P 


Special Fully Nested Mode 


ICW1JCW4 


IC4, SFNM 



4.8 Register Operational Summary 

For ease of reference, Table 4-4 gives a summary of 
the different operating modes and commands with 
their corresponding registers. 



5.0 PROGRAMMABLE INTERVAL 
TIMER 

5.1 Functional Description 

The 82370 contains four independently Programma- 
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) have specific functions. 
The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. 

Table 5-1. Programmable 
Interval Timer Functions 



Timer 


Output 


Function 



1 

2 

3 


IRQ8 
TOUT1/REF# 

TOUT2/IRQ3# 

TOUT3# 


Event Based IRQ8 Generator 
Gen. Purpose/DRAM 

Refresh Req. 
Gen. Purpose/Speaker 

Out/IRQ3# 
Gen. Purpose/IRQO 

Generator 



TIMER 0— Event Based Interrupt Request 8 
Generator 

Timer is intended to be used as an Event Counter, 
the output of this timer will generate an Interrupt 
Request 8 (IRQ8) upon a rising edge of the timer 
output (TOUTO). Normally, this timer is used to im- 
plement a time-of-day clock or system tick. The Tim- 
er output is not available as an external signal. 

TIMER 1— General Purpose/DRAM Refresh 
Request 

The output of Timer 1, TOUT1, can be used as a 
general purpose timer or as a DRAM Refresh Re- 
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82370 DRAM Refresh 
Controller. Upon reset, the Refresh Request func- 
tion is disabled, and the output pin is the Timer 1 
output. 

TIMER 2— General Purpose/Speaker Out/IRQ3# 

The Timer 2 output, TOUT2#, could be used to sup- 
port tone generation to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter- 
rupt Request 3 (IRQ3#) (see Programmable Inter- 
rupt Controller). 



4-864 



inter 



82370 



AHWA6HXSIE DNiFOIRItflMDOM 









































DATA BUFFER 

& 

LOGIC 






OUTO 






COUNTER 




EDGE 
DETECTOR 


.IRQ8 




i 8- BIT > 
INTERNAL BUS 














w (INTERNAL) 




OUT 1 
























CONTROL 

WORD 
REGISTER 1 




COUNTER 1 




EDGE 
DETECTOR 




REFRESH 
CONTROLLER 












4-h 


i 
OUT 2 














|REF# 








REF# 


2-TO-1 
1 MUX 

select 












TOUT1 Z 


— ►TOUT1/RLF# 






t 


. REF ENABLE 


COUNTER 2 


OPEN COLLECTOR ^INTERNAL; 










4h 


> 
OUT 3 










1 

TO IRQ3# (INTERNAL) 






CONTROL 

WORD 
REGISTER II 










COUNTERS 




EDGE 
DETECTOR 


JRQO 














+* 


> 




w (INTERNAL) 




















rv~ _.,„ 










CL- 


<IN 




>*>- 








290164-67 



Figure 5-1. Block Diagram of Programmable Interval Timer 



TIMER 3— General Purpose/Interrupt Request 
Generator 

The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request (IRQO) in the 
82370. The inverted output of this timer (TOUT3#) 
is also available as an external signal for general 
purpose use. 



5.1.1 INTERNAL ARCHITECTURE 

The functional block diagram of the Programmable 
interval Timer section is shown in Figure 5-1 . Follow- 
ing is a description of each block. 

DATA BUFFER & READ/WRITE LOGIC 

This part of the Programmable Interval Timer is used 
to interface the four timers to the 82370 internal bus. 
The Data Buffer is for transferring commands and 
data between the 8-bit internal bus and the timers. 



The Read/Write Logic accepts inputs from the inter- 
nal bus and generates signals to control other func- 
tional blocks within the timer section. 

CONTROL WORD REGISTERS I & II 

The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register II controls Timer 
3. Detailed description of the Control Word Regis- 
ters will be included in the Register Set Overview 
section. 

COUNTER 0, COUNTER 1, COUNTER 2, 
COUNTER 3 

Counters 0, 1 , 2, and 3 are the major parts of Timers 
0, 1, 2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia- 
gram of one counter is shown in Figure 5-2. 
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Figure 5-2. Internal Block Diagram of a Counter 



The four counters share a common clock input 
(CLKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
mode. 

Although the Control Word Register is shown in the 
figure, it js not part of the counter itself. Its pro- 
grammed contents are used to control the opera- 
tions of the counters. 

The Status Register, when latched, contains the cur- 
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 

The Counting Element (CE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 

The Output Latches (OL) contain two 8-bit latches 
(OLM and OLL). Normally, these latches "follow" 
the content of the CE. OLM contains the most signif- 
icant byte of the counter and OLL contains the least 
significant byte. If the Counter Latch Command is 
sent to the counter, OL will latch the present count 
until read by the 80376 and then return to follow the 
CE. One latch at a time is enabled by the timer's 
Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in- 
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the OL's that is being 
read. 



When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CE. The transferring of the contents 
from CR's to CE is defined as "loading" of the coun- 
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRL (which contains the least significant byte). Simi- 
lar to the OL's, the Control Logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the least significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written. 

As shown in the diagram, the Control Logic consists 
of three signals: CLKIN, GATE, and OUT. CLKIN 
and GATE will be discussed in detail in the section 
that follows. OUT is the internal output of the coun- 
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode 
of operation of the timer. 
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5.2 Interface Signals 

5.2.1 CLKIN 

CLKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde- 
pendent of the 82370 system clock, CLK2. In the 
following discussion, each "CLK Pulse" is defined 
as the time period between a rising edge and a fall- 
ing edge, in that order, of CLKIN. 

During the rising edge of CLKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of CLKIN. 



5.2.2 TOUT1, TOUT2#, TOUT3# 

TOUT1, TOUT2# and TOUT3# are the external 
output signals of Timer 1 , Timer 2 and Timer 3, re- 
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer 0. 

If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 

The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2#/IRQ3#), which 
is a bidirectional open-collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In- 
terrupt Controller), a LOW on this input will generate 
an Interrupt Request 3# to the 82370 Programma- 
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IRQ3# function, Timer 2 
should be programmed so that OUT2 is LOW. Addi- 
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 
(IRQO) to the 82370 after the rising edge of OUT3 
(see Figure 5-1). 



5.2.3 GATE 

GATE is not an externally controllable signal. Rath- 
er! it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of CLKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 

For Timer and 1 , GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit and 
6, respectively, of an Internal Control Port (at ad- 
dress 61 H) of the 82370. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (LOW). 



5.3 Modes of Operation 

Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the Con- 
trol Word Register followed by an Initial Count (see 
Programming). 

The following are defined for use in describing the 
different modes of operation. 

CLK Pulse— A rising edge, then a falling edge, in 
that order, of CLKIN. 

Trigger — A rising edge of a timer's GATE input. 

Timer/Counter Loading— The transfer of a count 
from Count Register 
(CR) to Count Element 
(CE). 

5.3.1 MODE 0-INTERRUPT ON TERMINAL 
COUNT 

Mode is typically used for event counting. After the 
Control Word is written, OUT is initially LOW, and will 
remain LOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode Control Word is written into 
the counter. 

In this mode, GATE = HIGH enables counting; 
GATE = LOW disables counting. However, GATE 
has no effect on OUT. 

After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
HIGH until N + 1 CLK pulses after the initial count is 
written. 

If a new count is written to the timer, it will be loaded 
on the next CLK pulse and counting will continue 
from the new count. If a two-byte count is written, 
the following happens: 

1 . Writing the first byte disables counting, OUT is set 
LOW immediately (i.e. no CLK pulse required). 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

This allows the counting sequence to be synchroniz- 
ed by software. Again, OUT does not go HIGH until 
N + 1 CLK pulses after the new count of N is written. 
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NOTES: 

The following conventions apply to all mode timing diagrams. 

1 . Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only. 

2. The counter is always selected (CS# always low). 

3. CW stands for "Control Word"; CW = 10 means a control word of 10, Hex is written to the counter. 

4. LSB stands for "Least significant byte" of count. 

5. Numbers below diagrams are count values. 
The lower number is the least significant byte. 

The upper number is the most significant byte. Since the counter is programmed to read/write LSB only, the most 

significant byte cannot be read. 

N stands for an undefined count. 

Vertical lines show transitions between count values. 



Figure 5-3. Mode 

If an initial count is written while GATE is LOW, the one-shot opefation. The OUT signal will then remain 

counter will be loaded on the next CLK pulse. When LOW until the timer reaches zero. At this point, OUT 

GATE goes HIGH, OUT will go HIGH N CLK pulses will stay HIGH until the next trigger comes in. Since 

later; no CLK pulse is needed to load the counter as the state of GATE signals of Timer and 1 are inter- 

this has already been done. nally set to HIGH. 

coo urine- * a ATC D cT D i^rnAni c After writing the Control Word and initial count, the 

MODE 1 -GATE RETRIGGERABLE timer is considered "armed". A trigger results in 

ONE-SHOT loading the timer and setting OUT LOW on the next 

In this mode, OUT will be initially HIGH. OUT will go CLK Pulse. Therefore, an initial count of N will result 

LOW on the CLK pulse following a trigger to start the ,n a one - shot P u,se w,dth of N CLK °y cles - Note 
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Figure 5-4. Mode 1 



that this one-shot operation is retriggerable; i.e. OUT 
will remain LOW for N CLK pulses after every trigger. 
The one-shot operation can be repeated without re- 
writing the same count into the timer. 

If a new count is written to the timer during a one- 
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered.' This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 

5.3.3 MODE 2-RATE GENERATOR 

This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec- 



remented to 1 , OUT goes LOW for one CLK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se- 
quence is repeated itself indefinitely. For an initial 
count of N, the sequence repeats every N CLK cy- 
cles. 

Similar to Mode 0, GATE = HIGH enables counting, 
where GATE = LOW disables counting. If GATE 
goes LOW during an output pulse (LOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
CLK pulse. Then, OUT will go LOW (for one CLK 
pulse) N CLK pulses, after the new trigger. Thus, 
GATE can be used to synchronize the timer. 
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NOTE: 

A GATE transition should not occur one clock prior to terminal count. 





Figure 5-5. Mode 2 

After writing a Control Word and initial count, the new count but before the end of the current period, 

timer will be loaded on the next CLK pulse. OUT the timer will be loaded with the new count on the 

goes LOW (for one CLK pulse) N CLK pulses after next CLK pulse after the trigger, and counting will 

the initial count is written. This is another way the continue with the new count, 
timer may be synchronized by software. 

Writing a new count while counting does not affect 5 " 3 " 4 M0DE 3 ~SQUARE WAVE GENERATOR 

the current counting sequence because the new Mode 3 js typjca||y used for Baud Rate generation. 



count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 



Functionally, this mode is similar to Mode 2 except 
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for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex- 
pired, OUT goes low for the remainder of the count. 
The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N CLK 
pulses. 

The GATE input can be used to synchronize the tim- 
er. GATE = HIGH enables counting; GATE = LOW 
disables counting. If GATE goes LOW while OUT is 
LOW, OUT is set HIGH immediately (i.e. no CLK 
pulse is required). A trigger reloads the timer with the 
initial count on the next CLK pulse. 

After writing a Control Word and initial count, the 
timer will be loaded on the next CLK pulse. This al- 
lows the timer to be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim- 
er will be loaded with the new count on the next CLK 
pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 



There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 

EVEN COUNTS: 

OUT is initially HIGH. The initial count is loaded on 
one CLK pulse and is decremented by two on suc- 
ceeding CLK pulses. When the count expires (decre- 
mented to 2), OUT changes to LOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 

ODD COUNTS: 

OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one CLK 
pulse and is decremented by two on succeeding 
CLK pulses. One CLK pulse after the count expires 
(decremented to 2), OUT goes LOW and the timer is 
loaded with the initial count minus one again. Suc- 
ceeding CLK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi- 
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi- 
nitely. So for ODD counts, OUT will HIGH or 
(N + 1)/2 counts and LOW for (N-1)/2 counts. 
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NOTE: 

A GATE transition should not occur one clock prior to terminal count. 



Figure 5-6. Mode 3 



5.3.5 MODE 4-INITIAL COUNT TRIGGERED 
STROBE 

This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 
be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
LOW for one CLK pulse and then go HIGH again. 

Again, GATE = HIGH enables counting while 
GATE = LOW disables counting. GATE has no ef- 
fect on OUT. 



After writing the Control Word and initial count, the 
timer will be loaded on the next CLK pulse. This CLK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe LOW until N + 1 
CLK pulses after initial count is written. 

If a new count is written during counting, it will be 
loaded in the next CLK pulse and counting will con- 
tinue from the new count. 
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Figure 5-7. Mode 4 



If a two-byte count is written, the following will occur: 

1 . Writing the first byte has no effect on counting. 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

OUT will strobe LOW N + 1 GLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 



5.3.6 MODE 5-GATE RETRIGGERABLE 
STROBE 

Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the gate signal instead of 



by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 

After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 CLK pulses after a 
trigger. 
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Figure 5-8. Mode 5 



The counting sequence is retriggerable. Every trig- 
ger will result in the timer being loaded with the initial 
count on the next CLK pulse. 

If the new count is written during counting, the cur- 
rent counting sequence will not be affected. If a trig- 
ger occurs after the new count is written but before 
the current count expires, the timer will be loaded 
with the new count on the next CLK pulse and a new 
count sequence will start from there. 



5.3.7 OPERATION COMMON TO ALL MODES 



5.3.7.1 GATE 

The GATE input is always sampled on the rising 
edge of CLKIN. In Modes 0, 2, 3 and 4, the GATE 
input is level sensitive. The logic level is sampled on 
the rising edge of CLKIN. In Modes 1, 2, 3 and 5, the 
GATE input is rising edge sensitive. In these modes, 
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Summary of Gate Operations 



Mode 


GATE LOW or Going LOW 


GATE Rising 


HIGH 





Disable count 


No Effect 


Enable count 


1 


No Effect 


1 . Initiate count 

2. Reset output 
after next clock 


No Effect 


2 


1 . Disable count 

2. Sets output HIGH 
immediately 


Initiate count 


Enable count 


3 


1 . Disable count 

2. Sets output HIGH 
immediately 


Initiate count 


Enable count 


4 


Disable count 


No Effect 


Enable count 


5 


No Effect 


Initiate count 


No Effect 



a rising edge of GATE (trigger) sets an edge sensi- 
tive flip-flop in the timer. The flip-flop is reset imme- 
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; i.e. a HIGH logic 
level does not have to be maintained until the next 
rising edge of CLKIN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 

5.3.7.2 Counter 

New counts are loaded and counters are decre- 
mented on the falling edge of CLKIN. The largest 
possible initial count is 0. This is equivalent to 2**16 
for binary counting and 10**4 for BCD counting. 

Note that the counter does not stop when it reaches 
zero. In Modes 0, 1, 4 and 5, the counter 'wraps 
around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and con- 
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con- 
tinues counting from there. 

The minimum and maximum initial count in each 
counter depends on the mode of operation. They 
are summarized below. 



Tabie 5-2. Timer Register Port Address Map 



Mode 


Min 


Max 





1 





1 


1 





2 


2 





3 


2 





4 


1 





5 


1 






5,4 Register Set Overview 

The Programmable Interval Timer module of the 
82370 contains a set of six registers. The port ad- 
dress map of these registers is shown in Table 5-2. 



Port Address 


Description 


40H 
41H 
42H 
43H 


Counter Register (read/write) 
Counter 1 Register (read/write) 
Counter 2 Register (read/write) 
Control Word Register I 
(Counter 0, 1 & 2) (write-only) 


44H 
45H 
46H 
47H 


Counter 3 Register (read/write) 
Reserved 
Reserved 

Control Word Register II 
(Counter 3) (write-only) 



5.4.1 COUNTER 0, 1, 2, 3 REGISTER 

These four 8-bit registers are functionally identical. 
They are used to write the initial count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since they are 8-bit 
registers, reading and writing of the 16-bit initial 
count must follow the count format specified in the 
Control Word Registers; i.e. least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 



5.4.2 CONTROL WORD REGISTER I & II 

There are two Control Word Registers associated 
with the Timer section. One of the two registers 
(Control Word Register I) is used to control the oper- 
ations of Counters 0, 1 and 2 and the other (Control 
Word Register II) is for Counter 3. The major func- 
tions of both Control Word Registers are listed be- 
low: 
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— Select the timer to be programmed. 

— Define which mode the selected timer is" to oper- 
ate in. 

— Define the count sequence; i.e. if the selected 
timer is to count as a Binary Counter or a Binary 
Coded Decimal (BCD) Counter. 

— Select the byte access sequence during timer 
read/write operations; i.e. least significant byte 
only, most significant only, or least significant 
byte first, then most significant byte. 

Also, the Control Word Registers can be pro- 
grammed to perform a Counter Latch Command or a 
Read Back Command which will be described later. 



5.5 Programming 

5.5.1 INITIALIZATION 

Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers are random. From this point on, how each 
timer operates is determined solely by how it is pro- 
grammed. Each timer must be programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82370, all timers 
should be initialized to a known state. 

Counters are, programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond- 
ing Count Register. In general, the programming pro- 
cedure is very flexible. Only two conventions need to 
be remembered: 

1 . For each timer, the Control Word must be written 
before the initial count is written. 

2. The 16-bit initial count must follow the count for- 
mat specified in the Control Word (least significant 
byte only, most significant byte only, or least signifi- 
cant byte first, followed by most significant byte). 

Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro- 
priate Control Word Register, no special instruction 
sequence is required. Any programming sequence 
that follows the conventions above is acceptable. 

A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
in any way. Count sequence will be affected as de- 
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 



If a timer is previously programmed to read/write 
two-byte counts, the following precaution applies. A 
program must not transfer control between writing 
the first and second byte to another routine which 
also writes into the same timer. Otherwise, the read/ 
write will result in incorrect count. 

Whenever a Control Word is written to a timer, all 
control logic for that timer(s) is immediately reset 
(i.e. no CLK pulse is required). Also, the correspond- 
ing output in, TOUT#, goes to a known initial state. 

5.5.2 READ OPERATION 

Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter Latch Command 
and Read Back Command. Below is a description of 
these methods. 

READ COUNTER REGISTERS 

The current count of a timer can be read by perform- 
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the CLKIN of the timers must be inhibited by 
using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same CLKIN signal, inhibiting CLKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter Latch Com- 
mand or the Read Back Command can be used to 
read the current count of a timer. 

Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE = LOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 

COUNTER LATCH COMMAND 

A Counter Latch Command will be executed when- 
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg- 
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 

Upon execution of this command, the selected 
counter's Output Latch (OL) latches the count at the 
time the Counter Latch Command is received. This 



4-876 



inteT 



82370 



AB^ANCB DMIF^BflATTDCW 



count is held in the latch until it is read by the 80376, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to "fol- 
lowing" the Counting Element (CE). This allows 
reading the contents of the counters "on the fly" 
without affecting counting in progress. Multiple 
Counter Latch Commands may be used to latch 
more than one counter. Each latched count is held 
until it is read. Counter Latch Commands do not af- 
fect the programmed mode of the timer in any way. 

If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter Latch Command is ignored. The 
count read will then be the count at the time the first 
command was issued. 

In any event, the latched count must be read ac- 
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per- 
formed between them. 

Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. Fpr example, if the timer is pro- 
grammed for two-byte counts, the following se- 
quence is valid. 

1 . Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 

If a timer is programmed to read/write twc-byte 
counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 

READ BACK COMMAND 

The Read Back Command is another special Com- 
mand Word operation which allows the user to read 
the current count value and/or the status of the se- 
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 

The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Commands, one for each counter to 



be latched. Each counter's latched count will be 
held until it is read by the 80376 or until the timer is 
reprogrammed. The counter is automatically un- 
latched when read, but other counters remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; i.e. the 
count read will correspond to the very first Read 
Back Command issued. 

As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg- 
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 

1 . Mode of timer: 

This allows the user to check the mode of opera- 
tion of the timer last programmed. 

2. State of TOUT pin of the timer: 

This allows the user to monitor the counter's out- 
put pin via software, possibly eliminating some 
hardware from a system. 

3. Null Count/Count available: 

The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro- 
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 

If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e. the status read in will cor- 
respond to the first Read Back Command issued. 

Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi- 
pie read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 

If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 
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5.6 Register Bit Definitions 

COUNTER 0, 1, 2, 3 REGISTER (READ/WRITE) 



Port Address 


Description 


40H 


Counter Register (read/write) 


41H 


Counter 1 Register (read/write) 


42H 


Counter 2 Register (read/write) 


44H 


Counter 3 Register (read/write) 


45H 


Reserved 


46H 


Reserved 



Note that these 8-bit registers are for writing and 
reading of one byte of the 1 6-bit count value, either 
the most significant or the least significant byte. 

CONTROL WORD REGISTER I & II (WRITE- 
ONLY) 



Port Address 


Description 


43H 
47H 


Control Word Register I 
(Counter 0, 1, 2 (write-only) 
Control Word Register II 
(Counter 3) (write-only) 

















290164-75 


["d7 J D6 


D5 | D4 


D3 


D2 


01 


3 














r 

•- LSB OF COUNT BYTE 















Control Word Register I 



D7 D6 D5 D4 03 D2 D1 DO 
SC1 | SCO | RW1 | RWO | M2 | M1 | M0 | BCD | 



V 



SELECT COUNTER: 

00 SELECT COUNTER 

01 SELECT COUNTER 1 

10 SELECT COUNTER 2 

1 1 READ BACK COMMAND 
FOR COUNTER 0-2 



0-16-BIT BINARY 

COUNTER 

1 - BCD COUNTER 

(4 DECADES) 



READ/WRITE: 

00 COUNTER LATCH COMMAND 

01 READ/WRITE LSB BYTE ONLY 

10 READ/WRITE MSB BYTE ONLY 

1 1 READ/WRITE LSB, THEN MSB BYTE 



MODE: 

000 MODE 

001 MODE 1 
X10 MODE 2 
X1 1 MODE 3 

100 MODE 4 

101 MODE 5 
290164-76 



Control Word Register II 



D7 D6 D5 D4 D3 D2 D1 DO 
| SC1 | SCO | RW1 | RWO | M2 | M1 | MO | BCD | 



V 



SELECT COUNTER: 

00 SELECT COUNTER 3 

01 RESERVED 

10 RESERVED 

1 1 READ BACK COMMAND 
FOR COUNTER 3 



T 



READ/WRITE: 

00 COUNTER LATCH COMMAND 

01 READ/WRITE LSB BYTE ONLY 

10 READ/WRITE MSB BYTE ONLY 

1 1 READ/WRITE LSB, THEN MSB BYTE 



0-1 6- BIT BINARY 

COUNTER 

1- BCD COUNTER 

(4 DECADES) 

1 

MODE: 



000 MODE 

001 MODE 1 
X10 MODE 2 
XII MODE 3 

1 00 MODE 4 

101 MODE 5 
290164-77 
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COUNTER LATCH COMMAND FORMAT 

(Write to Control Word Register) 



D7 D6 



D5 



D4 D3 



D2 



D1 DO 



SC1 



SCO 



V 



| | X | x | xJ7] 



00 COUNTER (OR 3) 

01 COUNTER 1 

10 COUNTER 2 

1 1 READ BACK COMMAND 



READ BACK COMMAND FORMAT 

(Write to Control Word Register) 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



COUNT# | STATUS j CNT2 | CNT1 |cNT0/3| | 



I 



0- LATCH COUNT 
1 - DO NOT LATCH 
COUNT 



* 



- LATCH STATUS 

1 - DO NOT LATCH 

STATUS 



0- COUNTER NOT 
SELECTED 

1 - COUNTER IS 
SELECTED 



290164-79 



STATUS FORMAT 

(Returned from Read Back Command) 



D7 D6 D5 D4 D3 


D2 


D1 


DO 


290164-80 


[ OUT*] NULL COUNT | RW1 | RWO | M2 


M1 


I M ,° 


BCD | 


1 

0- OUTPUT 
PIN = 

1 - OUTPUT 
PIN = 1 


I I I 




I 




T 

MTER 

DE 


I 






-+> - COUNT AVAILABLE 

FOR READING 
1 - NULL COUNT 






cou 

MO 
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6.0 WAIT STATE GENERATOR 



6.1 Functional Description 

The 82370 contains a programmable Wait State 
Generator which can generate a pre-programmed 
number of wait states during both CPU and DMA 
initiated bus cycles. This Wait State Generator is ca- 
pable of generating 1 to 1 6 wait states in non-pipe- 
lined mode, and to 15 wait states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro- 
grammed number of wait states in the selected Wait 
State Register will be generated. 

The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY# signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 



6.2 Interface Signals 

The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY#, WSCO and WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 



6.2.1 READY# 

READY # is an active LOW input signal which indi- 
cates to the 82370 the completion of a bus cycle. In 
the Master mode (e.g. 82370 initiated DMA transfer), 
this signal is monitored to determine whether a pe- 
ripheral or memory needs wait states inserted in the 
current bus cycle. In the Slave mode, it is used (to- 
gether with the ADS# signal) to trace CPU bus cy- 
cles to determine if the current cycle is pipelined. 



6.2.2 READYO# 

READYO# (Ready Out#) is an active LOW output 
signal and is the output of the Wait State Generator. 
The number of wait states generated depends on 
the WSC(0-1) inputs. Note that special cases are 
handled for access to the 82370 internal registers 
and for the Refresh cycles. For 82370 internal regis- 
ter access, READYO# will be delayed to take into 
the command recovery time of the register. One or 
more wait states will be generated in a pipelined cy- 
cle. During refresh, the number of wait states will be 
determined by the preprogrammed value in the Re- 
fresh Wait State Register. 

In the simplest configuration, READYO# can be 
connected to the READY # input of the 82370 and 
the 80376 CPU. This is, however, not always the 
case. If external circuitry is to control the READY # 
inputs as well, additional logic will be required (see 
Application Issues). 



6.2.3 WSC(O-l) 

These two Wait State Control inputs, together with 
the M/IO# input, select one of the three pre-pro- 
grammed 8-bit Wait State Registers which deter- 
mines the number of wait states to be generated. 
The most significant half of the three Wait State 
Registers corresponds to memory accesses, the 
least significant half to I/O accesses. The combina- 
tion WSC(0-1) = 11 disables the Wait State Gener- 
ator. 



INTERNAL WAIT STATE 



READYO# 



WSCO ■■« 
WSC1 - 
M/lO# - 





REQUIF 


(EMENT 

D3 DO 






r 






D7 D4 






REGISTER 
SELECT 
LOGIC 


► 


MEMORY 


1/0 




L* 


MEMORY 1 


I/O 1 






MEMORY 2 


I/O 2 








I 


(RESERVED) 


REFRESH 


ADS#,-+J 
READY# 





PROGRAMMABLE WAIT STATE 
REGISTERS 



Figure 6-1. Wait State Generator Block Diagram 
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6.3 Bus Function 



6.3.1 WAIT STATES IN NON-PIPELINED CYCLE 

The timing diagram of two typical non-pipelined cy- 
cles with 82370 generated wait states is shown in 
Figure 6-2. In this diagram, it is assumed that the 
internal registers of the 82370 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# inputs are sampled to 
determine which Wait State Register (if any) is se- 
lected. If the WSC inputs are active (i.e. not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is dope by driving 
the READYO# output HIGH during the end of each 
T2 state. 

The WSC (0-1) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 
rising edge of the next clock (82384 CLK) after the 
last state when ADS# (Address Status) is asserted. 

The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 

1 . Access the 82370 internal registers: 2 to 5 wait 
states, depending upon the specific register ad- 
dressed. Some back-to-back sequences to the Inter- 
rupt Controller will require 7 wait states. 



2. Interrupt Acknowledge to the 82370: 5 wait states. 

3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). Note 
that if WCS (0-1) = 11, READYO# will stay inac- 
tive. 

4. Other bus cycles: Depending on WCS (0-1) and 
M/IO# inputs, these inputs select a Wait State Reg- 
ister in which the number of wait states will be equal 
to the pre-programmed wait state count in the regis- 
ter plus 1. The Wait State Register selection is de- 
fined as follows (Table 6-1). 

Table 6-1 . Walt State Register Selection 



M/IO# 


WSC(0-1) 


Register Selected 





00 


WAIT REG (I/O half) 





01 


WAIT REG 1 (I/O half) 





10 


WAIT REG 2 (I/O half) 


1 


00 


WAIT REG (MEM half) 


1 


01 


WAIT REG 1 (MEM half) 


1 


10 


WAIT REG 2 (MEM half) 


X 


11 


Wait State Gen. Disabled 



The Wait State Control signals, WSC (0-1), can be 
generated with the address decode and the Read/ 
Write control signals as shown in Figure 6-3. 
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Figure 6-2. Wait States in Non-Pipelined Cycles 
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Address Decode ► 

W/R#— ► 


Logic 


► WSC (0-1) 






290164-83 



Figure 6-3. WSC (0- 1 ) Generation 

Not© that during HALT and SHUTDOWN, the num- 
ber of wait states will depend on the WSC (0-1) 
inputs, which will select the memory half of one of 
the Wait State Registers (see CPU Reset and Shut- 
down Detect). 



6.3.2 WAIT STATES IN PIPELINED CYCLES 

The timing diagram of two typical pipelined cycles 
with 82370 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82370 internal registers are not addressed. As de- 
fined in the timing of the 80376 processor, the Ad- 
dress (A1 -23), Byte Enable (BHE#, BLE#), and 
other control signals (M/|0#, ADS#) are asserted 
one T-state earlier than in a non-pipelined cycle; i.e. 
they are asserted at T2P. Similar to the non-pipe- 
lined case, the Wait State Control (WSC) inputs are 
sampled in the middle of the state after the last state 
the ADS# signal is asserted. Therefore, the WSC 
inputs should be asserted during the T1P state of 
each pipelined cycle (which is one T-state earlier 
than in the non-pipelined cycle). 



The number of wait states generated in a pipelined 
cycle is selected in a similar manner as in the non- 
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipelined cycle. This is done automatically 
by the Wait State Generator. 

6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 

The 82370 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY# input to the 82370 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 











80376 
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(CYCLE EXTENSION) 
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Figure 6-5. External 'READY' Control Logic 
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Figure 6-4. Wait States in Pipelined Cycles 
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The EXT. RDY# (External Ready) signal of Figure 6- 
5 allows external devices to cause early termination 
of a bus cycle. When this signal is asserted LOW, 
the output of the circuit will also go LOW (even 
though the READYO# of the 82370 may still be 
HIGH). This output is fed to the READY # input of 
the 80376 and the 82370 to indicate the completion 
of the current bus cycle. 

Similarly, the EXT. NOT READY (External Not 
Ready) signal is used to delay the READY # input of 
the processor and the 82370. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY# input HIGH. This will effectively extend the 
duration of a bus cycle. However, it is important to 



note that if the two-level logic is not fast enough to 
satisfy the READY # setup time, the OR gate should 
be eliminated. Instead, the 82370 Wait State Gener- 
ator can be disabled by driving both WSC (0-1) 
HIGH. In this case, the addressed memory or I/O 
device should activate the external READY # input 
whenever it is ready to terminate the current bus 
cycle. 

Figures 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten- 
sion of the bus cycles. Section 6-7, Application Is- 
sues, contains a detailed timing analysis of the ex- 
ternal circuit. 
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Figure 6-6. Early Termination of Bus Cycle By 'READY #' 



CLK2 > 

CLK^ 

A(1 -23) 

M/IO# 
BLE#, BHE# 

ADSiT 
READY# } 
READY0# 


T1 


T2 


T2 


T2 


T2 


Tx 

r W\j 


Tx 


290164-87 


: 








1 






\ 














f 














BUS 


8W 


\ 




~~\ 


J 
















-J 







Figure 6-7. Extending Bus Cycle by 'READY #' 



4-883 



inteF 



82370 



mmmE mvmm$$(SM 



Due to the following implications, it should be noted 
that early termination of bus cycles in which 82370 
internal registers are accessed is not recommended. 

1. Erroneous data may be read from or written into 
the addressed register. 

2. The 82370 must be allowed to recover either be- 
fore HLDA (Hold Acknowledge) is asserted or before 
another bus cycle into an 82370 internal register is 
initiated. 

The recovery time, in clock periods, equals the re- 
maining wait states that were avoided plus 4. 



6.4 Register Set Overview 

Altogether, there are four 8-bit internal registers as- 
sociated with the Wait State Genertor. The port ad- 
dress map of these registers is shown below in Ta- 
ble 6-2. A detailed description of each follows. 
Table 6-2. Register Address Map 



Port Address 


Description 


72H 
73H 
74H 
75H 


Wait State Reg (read/write) 
Wait State Reg 1 (read/write) 
Wait State Reg 2 (read/write) 
Ref. Wait State Reg (read/write) 



WAiT STATE REGISTER 0, 1,2 

These three 8-bit read/write registers are functional- 
ly identical. They are used to store the pre-pro- , 
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac- 
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe- 
lined cycle, the actual number of wait states request- 
ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and to 15 wait states in pipelined mode. 

Note that the minimum wait state count in each reg- 
ister is 0. This is equivalent to wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 

REFRESH WAIT STATE REGISTER 

Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during a DRAM refresh cycle. 



Note that the Refresh Wait State Register is not se- 
lected by the WSC inputs* It will automatically be 
chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re- 
fresh cycle (WSC (0-1) = 11), READYO# will stay 
inactive and the Refresh Wait State Register is ig- 
nored. 



6.5 Programming 

Using the Wait State Generator is relatively straight- 
forward. No special programming sequence is re- 
quired. In order to ensure the expected number of 
wait states will be generated when a register is se- 
lected, the registers to be used must be pro- 
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset, all Wait State Registers are initial- 
ized with the value FFH, giving the maximum num- 
ber of wait states possible. Also, each register can 
be read to check the wait state count previously 
stored in the register. 



6.6 Register Bit Definition 

WAIT STATE REGISTER 0, 1, 2 



Port Address 


Description 


72H 
73H 
74H 


Wait State Register (read/write) 
Wait State Register 1 (read/write) 
Wait State Register 2 (read/write) 
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6.7 Application Issues 

6.7.1 EXTERNAL 'READY' CONTROL LOGIC 

As mentioned in section 6.3.3, wait state cycles gen- 
erated by the 82370 can be terminated early or ex- 
tended longer by means of additional external logic 
(see Figure 6-5). In order to ensure that the 
READY # input timing requirement of the 80376 and 
the 82370 is satisfied, special care must be taken 
when designing this external control logic. This sec- 
tion addresses the design requirements. 

A simplified block diagram of the external logic along 
with the READY# timing diagram is shown in Figure 
6-8. The purpose is to determine the maximum delay 



time allowed in the external control logic in order to 
satisfy the READY # setup time. 

First, it will be assumed that the 80376 is running at 
16 MHz (i.e. CLK2 is 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 
62.5 ns. According to the AC specifications of the 
82370, the maximum delay time for valid READYO# 
signal is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY # setup 
time of the 80376 and the 82370 should be 19 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY # control logic to be 12.5 ns 
(62.5-31-19) in order to meet the READY# setup 
timing requirement. 
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7.0 DRAM REFRESH CONTROLLER 



7.1 Functional Description 

The 82370 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re- 
quest logic for DRAM refresh operations (see Figure 
7-1). TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8- or 16-bit wide. Depend- 
ing on the Refresh Bus Size, the Refresh Address 
Counter will be incremented with the appropriate val- 
ue after every refresh cycle. The internal logic of the 
82370 will give the Refresh operation the highest 
priority in the bus control arbitration process. Bus 
control is not released and re-requested if the 82370 
is already a bus master. 



7.2 Interface Signals 

7.2.1 TOUT1/REF# 

The dual function output pin of TIMER 1 
(T0UT1/REF#) can be programmed to generate 
DRAM Refresh signal. If this feature is enabled, the 
rising edge of TIMER 1 output (TOUT1 #) will trigger 
the DRAM Refresh Request logic. After some delay 
for gaining access of the bus, the 82370 DRAM Con- 
troller will generate a DRAM Refresh signal by driv- 
ing REF# output LOW. This signal is cleared after 
the refresh cycle has taken place, or by a hardware 
reset. 



If the DRAM Refresh feature is disabled, the 
TOUT1/REF# output pin Is simply the TIMER 1 out- 
put. Detailed information of how TIMER 1 operates 
is discussed in section 6 — Programmable interval 
Timer, and will not be repeated here. 



7.3 Bus Function 

7.3.1 ARBITRATION 

In order to ensure data integrity of the DRAMs, the 
82370 gives the DRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re- 
fresh to interrupt DMA in progress in order to per- 
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 

In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by de-asserting the EDACK signal. 
Once DREQn goes inactive, the 82370 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur- 
ing refresh. The Refresh Generator simply "steals" 
a bus cycle between DMA accesses. 

Figure 7-2 shows the timing diagram of a Refresh 
Cycle. Upon expiration of TIMER 1 , the 82370 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82370 see HLDA go active, 
the DRAM Refresh Cycle will be carried out by acti- 
vating the REF# signal as well as the address and 
control signals on the system bus (Note that REF# 
will not be active until two CLK periods HLDA is as- 
serted). The address bus will contain the 24-bit ad- 
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Figure 7-1. DRAM Refresh Controller 
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dress currently in the Refresh Address Counter. The 
control signals are driven the same way as in a 
Memory Read cycle. This "read" operation is com- 
plete when the READY # signal is driven LOW. 
Then, the 82370 will relinquish the bus by de-assert- 
ing HOLD. Typically, a Refresh Cycle without wait 
states will take five bus states to execute. If "n" wait 
states are added, the Refresh Cycle will last for five 
plus "n" bus states. 

How often the Refresh Generator will initiate a re- 
fresh cycle depends on the frequency of CLKIN as 
will as TIMER 1's programmed mode of operation. 
For this specific application, TIMER 1 should be pro- 
grammed to operate in Mode 2 to generate a con- 
stant clock rate. See section 6 — Programmable In- 
terval Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat- 
ed each time TIMER 1 expires (when TOUT1 chang- 
es from LOW to HIGH). 

The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82370 will auto- 
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 



7.4 Modes of Operation 

7.4.1 WORD SIZE AND REFRESH ADDRESS 
COUNTER 

The 82370 supports 8- and 16-bit refresh cycle. The 
bus width during a refresh cycle is programmable 
(see Programming). The bus size can be pro- 
grammed via the Refresh Control Register (see Reg- 
ister Overview). If the DRAM bus size is 8- or 16-bits, 
the Refresh Address Counter will be incremented by 
1 or 2, respectively. 

The Refresh Address Counter is cleared by a hard- 
ware reset. 



7.5 Register Set Overview 

The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 



clkz , r \s^u r \r\j r \/\j n ^r^ r v\j r v^j , \s^u t 



CLK 
HOLD 
HLDA 



Tx 



Tx 



-**- 



A(1 tL 3 E# M D/2# xxxxxxxxxxxxxxSfr 

W/R#, BHE# 



T0UT1 _f 
REF# 
READY# 



-n- 



■\S2 



a. 



T2 



COICCCCCCCC^^^ 



ADS# 



flfflffl 



Figure 7-2. 82370 Refresh Cycle 
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Table 7-1. Register Address Map 



Port Address 


Description 


1CH 
75H 


Refresh Control Reg. (read/write) 
Ref. Wait State Reg. (read/write) 



The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detailed in section 
7 (Wait State Generator) and will not be repeated 
here. 

REFRESH CONTROL REGISTER 

This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func- 
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 



7.6 Programming 

Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro- 
grammed, this timer must be initialized with the de- 
sired mode of operation as well as the correct 
refresh interval (see Programming Interval Timer). 
Whether or not wait states are to be generated dur- 
ing a refresh cycle, the Refresh Wait State Register 
must also be programmed with the appropriate val- 
ue. Then, the DRAM Refresh feature must be en- 
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro- 



priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done, the refresh operation will automatically be in- 
voked by the Refresh Generator upon expiration of 
Timer 1. 

In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1/REF# becomes the Time 1 output, the 
state of this pin in undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 



7.7 Register Bit Definition 

REFRESH CONTROL REGISTER 

Port Address: 1CH (Read/Write) 

8.0 RELOCATION REGISTER AND 
ADDRESS DECODE 



8.1 Relocation Register 

All the integrated peripheral devices in the 82370 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82370 provides a Relocation Register 
which allows the user to map this set of internal reg- 
isters into either the memory or I/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82370 as well as if the registers are to be memory- 
or l/O-mapped. The format of the Relocation Regis- 
ter is depicted in Figure 9-1 . 
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Port Address: 7FH (Read/Write) 



Figure 8-1. Relocation Register 



Note that the Relocation Register is part of the inter- 
nal register set of the 82370. It has a port address of 
7FH. Therefore, any time the content of the Reloca- 
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82370, 
the content of the Relocation Register will be 
cleared. This implies that the 82370 will respond to 
its I/O addresses in the range of 0000H to OOFFH. 

8.1.1 l/O-MAPPED 82370 

As shown in the figure, Bit of the Relocation Regis- 
ter determines whether the 82370 registers are to be 
memory-mapped or I/O mapped. When Bit is set 
to '0', the 82370 will respond to I/O Addresses. Ad- 
dress signals BHE#, BLE#, A1-A7 will be used to 
select one of the internal registers to be accessed. 
Bit 1 to Bit 7 of the Relocation Register will corre- 
spond to A9 to A15 of the Address bus, respectively. 
Together with A8 implied to be 4 0\ A15 to A8 will be 
fully decoded by the 82370. The following shows 
how the 82370 is mapped into the I/O address 
space. 

Example 

Relocation Register = 1 1 001 1 1 (0CEH) 

82370 will respond to I/O address range from 
0CE00H to 0CEFFH. 

Therefore, this I/O mapping mechanism allows the 
82370 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system I/O 
space. 

8.1.2 MEMORY-MAPPED 82370 

When Bit of the Relocation Register is set to '1', 
the 82370 will respond to memory addresses. Again, 



Address signals BHE#, BLE#, A1-A7 will be used 
to select one of the internal registers to be ac- 
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A17-A23, respectively. A16 is as- 
sumed to be '0', and A8-A15 are ignored. Consider 
the following example. 

Example 

Relocation Register = 10100111 (0A7H) 

The 82370 will respond to memory addresses in 
the range of A6XX00H to A60XXFFH (where 'X' is 
don't care). 

This scheme implies that the internal registers can 
be located in any even, contiguous, 2**16 byte page 
of the memory space. 



8.2 Address Decoding 

As mentioned previously, the 82370 internal regis- 
ters do not occupy the entire contiguous 256 ad- 
dress locations. Some of the locations are 'unoccu- 
pied'. The 82370 always decodes the lower 8 ad- 
dress signals (BHE#, BLE#, A1 -A7) to determine if 
any one of its registers is being accessed. If the ad- 
dress does not correspond to any of its registers, the 
82370 will not respond. This allows external devices 
to be located within the 'holes' in the 82370 address 
space. Note that there are several unused address- 
es reserved for future Intel peripheral devices. 



8.3 Chip-Select (CHPSEL#) 

The Chip-Select signal (CHPSE|_#) will go active 
when the 82370 is addressed in a Slave bus 
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Figure 8-2. CHPSEL# Timing 



cycle (either read or write), or in an interrupt ac- 
knowledge cycle in which the 82370 will drive the 
Data Bus. For a given bus cycle, CHPSEL# be- 
comes active and valid in the first T2 (in a non-pipe- 
lined cycle) or in T1 P (in a pipelined cycle). It will 
stay valid until the cycle is terminated by READY # 
driven active. As CHPSEL# becomes valid well be- 
fore the 82370 drives the Data Bus, it can be used to 
control the transceivers that connect the local CPU 
bus to the system bus. The timing diagram of 
CHPSEL# is shown in Figure 8-2. 



9.0 CPU RESET AND SHUTDOWN 
DETECT 

The 82370 will activate the CPURST signal to reset 
the host processor when one of the following condi- 
tions occurs: 

— 82370 RESET is active; 

— 82370 detects a 80376 Shutdown cycle (this fea- 
ture can be disabled); 

— - CPURST software command is issued to 80376. 

Whenever the CPURST signal is activated, the 
82370 will reset its own internal Slave-Bus state ma- 
chine. 



9.1 Hardware Reset 

Following a hardware reset, the 82370 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active. During a hardware reset, the 82370 internal 
registers will be initialized as defined in the corre- 
sponding functional descriptions. 



9.2 Software Reset 

CPURST can be generated by writing the following 
bit pattern into 82370 register location 64H. 

D7 . DO 

1 1 1 1XXX0 

The Write operation into this port is considered as 
an 82370 access and the internal Wait State Gener- 
ator will automatically determine the required num- 
ber of wait states. The CPURST will be active follow- 
ing the completion of the Write cycle to this port. 
This signal will last for 62 CLK2 periods. The 82370 
should not be accessed until the CPURST is deacti- 
vated. 

This internal port is Write-Only and the 82370 will 
not respond to a Read operation to this location. 
AlsOi during a software reset command, the 82370 
will reset its Slave-Bus state machine. However, its 
internal registers remain unchanged. This allows the 
operating system to distinguish a 'warm' reset by 
reading any 82370 internal register previously pro- 
grammed for a non-default value. The Diagnostic 
registers can be used for this purpose (see Internal 
Control and Diagnostic Ports). 



9.3 Shutdown Detect 

The 82370 is constantly monitoring the Bus Cycle 
Definition signals (M/IO#, D/C#, W/R#) and is 
able to detect when the 80376 is in a Shutdown bus 
cycle. Upon detection of a processor shutdown, the 
82370 will activate the CPURST output for 62 CLK2 
periods to reset the host processor. This signal is 
generated after the Shutdown cycle is terminated by 
the READY # signal. 
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Although the 82370 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSC0, WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82370 bus cycles. 

This Shutdown Detect feature can be enabled or dis- 
abled by writing a control bit in the Internal Control 
Port at address 61 H (see Internal Control and Diag- 
nostic Ports). This feature is disabled upon a hard- 
ware reset of the 82370. As in the case of Software 
Reset, the 82370 will reset its Slave-Bus state ma- 
chine but will not change any of its internal register 
contents. 



10.0 INTERNAL CONTROL AND 
DIAGNOSTIC PORTS 



10.1 Internal Control Port 

The format of the Internal Control Port of the 82370 
is shown in Figure 10-1. This Control Port is used to 
enable/disable the Processor Shutdown Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82370 will not respond to a read op- 
eration to this port. Upon hardware reset, this port 
will be cleared; i.e., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 

Port Address: 61 H (Write only) 



10.2 Diagnostic Ports 

Two 8-bit read/write Diagnostic Ports are provided 
in the 82370. These are two storage registers and 
have no effect on the operation of the 82370. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in the CPU RESET 
AND SHUTDOWN DETECT section, these Diagnos- 
tic Ports can be used to distinguish between 'cold' 
and 'warm' reset. Upon hardware reset, both Diag- 
nostic Ports are cleared. The address map of these 
Diagnostic Ports is shown in Figure 10-2. 



Port 


Address 


Diagnostic Port 1 (Read/Write) 
Diagnostic Port 2 (Read/Write) 


80H 
88H 



Figure 10-2. Address Map of Diagnostic Ports 



11.0 INTEL RESERVED I/O PORTS 

There are nineteen I/O ports in the 82370 address 
space which are reserved for Intel future peripheral 
device use only. Their address locations are: 10H, 
12H, 14H, 16H, 2AH, 3DH, 3EH, 45H, 46H, 76H, 
77H, 7DH, 7EH, CCH, CDH, D0H, D2H, D4H, and 
D6H. These addresses should not be used in the 
system since the 82370 will respond to read/write 
operations to these locations and bus contention 
may occur if any peripheral is assigned to the same 
address location. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


SHUTDOWN 
ENABLE/ 
DISABLE 


COUNTER 3 
GATE 
INPUT 












COUNTER 2 
GATE 
INPUT 


I 


I 


I 












I 



SHUTDOWN 

DETECT 
0- DISABLE 
1 - ENABLE 



COUNTER 3 

GATE 
0- DISABLE 
1 - ENABLE 



NOT USED 



COUNTER 2 

GATE 
0- DISABLE 
1 - ENABLE 
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Figure 10-1. internal Control Port 
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12.0 PACKAGE THERMAL 
SPECIFICATIONS 

The intel 82370 Integrated System Peripheral is 
specified for operation when case temperature is 
within the range of 0°C to 78°C for the ceramic 
132-pin PGA package, and 68°C for the 100-pin 
plastic package. The case temperature may be mea- 
sured in any environment, to determine whether the 
82370 is within specified operating range. The case 
temperature should be measured at the center of 
the top surface opposite the pins. 

The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 



calculated from the 0j C and 0j a from the following 
equations: 

Tj = T c + P*0 ic 
TA = Tj-P*0 ja 
Tc = T a + P*[0 ja - 0jcl 

Values for 0j a and 0j C are given in Table 12.1 for the 
100-lead fine pitch. 0j a is given at various airflows. 
Table 12.2 shows the maximum T a allowable (with- 
out exceeding T c ) at various airflows. Note that T a 
can be improved further by attaching "fins" or a 
"heat sink" to the package. P is calculated using the 
maximum hot l cc . 



Table 12.1 82370 Package Thermal Characteristics 
Thermal Resistances (°C/Watt) 0j C and 0j a 



Package 


0jc 


*l 

(0) 


a Versu 

200 
(1.01) 


sAirflo 

400 
(2.03) 


3 
w-ft 3 /n 

600 
(3.04) 


3 
nin (m 3 i 

800 
(4.06) 


CO ^ w 


TOOL Fine Pitch 


7 


33 


27 


24 


21 


18 


17 


132LPGA 


2 


21 


17 


14 


12 


11 


10 



Table 12.2 82370 Maximum Allowable Ambient 
Temperature at Various Airflows 



Package 


0jc 


T a ( 

(0) 


c)Vers 

200 

(1.01) 


us Airfl 

400 
(2.03) 


3 
OW-ft3/ 

600 
(3.04) 


3 
min(m 

800 
(4.06) 


3/sec) 

1000 
(5.07) 


100L Fine Pitch 


7 


63 


74 


79 


85 


91 


92 


132LPGA 


2 


74 


83 


88 


93 


97 


99 



100LPQFPPkg: 

T c - T a + P*(0 ja - 6 ic ) 

T c = 63 + 220 mA(33 - 7) 

T c = 63 + 220 mA(26) 

T c = 63 + 5.72 

T c = 68.7 



132LPGAPkg: 

Tc = T a + P*(0j a - ^j C ) 

T c = 74 + 220 mA(21 - 2) 

T c = 74 + 220mA(19) 

T c = 74 + 4.18 

T c = 78.2 
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13.0 ELECTRICAL SPECIFICATIONS 

82370 D.C. Specifications Functional Operating Range: 

V C c = 5.0V ±10%; Tcase = 0°C to 78°C for 132-pin PGA, 0°C to 68°C for 100-pin plastic 



Symbol 


Parameter Description 


Mln 


Max 


Units 


Notes 


V, L 


Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V| H 


Input High Voltage 


2.0 


V C c + 0.3 


V 




V|LC 


CLK2 Input Low Voltage 


-0.3 


0.8 


V 


(Notel) 


V|HC 


CLK2 Input High Voltage 


V CC " 0.8 


V CC + 0.3 


V 




Vol 


Output Low Voltage 
Iol = 4 mA: 

A 1 _23.D -15,BHE# > BLE# 
Iql - 5 mA: 

All Others 




0.45 
0.45 


V 
V 




Voh 


Output High Voltage 










Ioh = -1 rnA 


A23-A 1( D 15 -D , BHE#, BLE# 


2.4 




V 


(Note 5) 


Ioh = -0.2 mA 


A23-AL D 15 -D , BHE#, BLE# 


Vcc ~ 0.5 




V 


(Note 5) 


Ioh = -0.9 mA 


All Others 


2.4 




V 


(Note 5) 


Ioh = -0.18 mA 


All Others 


V C c " 0.5 




V 


(Note 5) 


Ili 


Input Leakage Current 

All Inputs Except: 
IRQ11#-IRQ23# 
EOP#,TOUT2/IRQ3# 
DREQ4/IRQ9# 




±15 


JLtA 




«LI1 


Input Leakage Current 

Inputs: 
IRQ11#-IRQ23# 
EOP#,TOUT2/IRQ3 
DREQ4/IRQ9 


10 


-300 


fxA 


< V, N < V C c 
(Note 3) 


«LO 


Output Leakage Current 




±15 


julA 


< V| N < V C c 


•cc 


Supply Current (CLK2 = 32 MHz) 




220 


mA 


(Note 4) 


c, 


Input Capacitance 




12 


PF 


(Note 2) 


CCLK 


CLK2 Input Capacitance 




20 


PF 


(Note 2) 



NOTES: 

1 . Minimum value is not 1 00% tested. 

2. fc = 1 MHz; sampled only. 

3. These pins have weak internal pullups. They sould not be left floating. 

4. Ice is specified with inputs driven to CMOS levels, and outputs driving CMOS loads. Ice m ^y be higher if inputs are driven 
to TTL levels, or if outputs are driving TTL loads. 

5. Tested at the minimum operating frequency of the part. 
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1.5V 



VALID 
OUTPUT h+1 



— D-— 
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LEGEND: 

A — Maximum output delay specification 
B — Minimum output delay specification 
C— Minimum input setup specification 
D — Minimum input hold specification 



Figure 13-1. Drive Levels and Measurement Points for A.C. Specif ication 

82370 A.C. Specifications These A.C. timings are tested at 1 .5V thresholds, except as noted. 
Functional Operating Range: V C c = 5.0V ±10%; Tqase = 0°C to 78°C for 132-pin PGA, 0°C to 68°C for 
100-pin plastic 



Symbol 


Parameter Description 


Min 


Max 


Units 


Notes 




Operating Frequency 1 /(t1 a x 2) 


4 


16 


L^MHz 




t1 


CLK£ Period 


31 


125 


ns 




t2a 

t2b 

t3a 

t3b 

t4 

t5 


CLK2 High Time 
CLK2 High Time 
CLK2 Low Time 
CLK2 Low Time 
CLK2 Fall Time 
CLK2 Rise Time 


9 
5 
9 
7 


7 
7 


ns 
ns 
ns 
ns 
ns 
ns 


At 2.0V 

At Vcc -0.8V 

At 2.0V 

At 0.8V 

V C c -0.8V to 0.8V 

0.8V to V C c -0.8V 


t6 
X7 


A1-A23, BHE#,BLE# 
EDACK0-EDACK2 Valid Delay 
A1-A23, BHE#,BLE# 
EDACK0-EDACK3 Float Delay 


4 
4 


36 
40 


ns 
ns 


C L =120pF 
(Note 1) 


t8 
t9 


A1-A23, BHE#, BLE# Setup Time 
A1-A23, BHE#, BLE# Hold Time 


6 
4 




ns 
ris 




t10 
t11 


W/R#, M/IO#, D/C# Valid Delay 
W/R#, M/IO#, D/C# Float Delay 


4 
4 


33 
35 


ns 
ns 


C L = 75 pF 
(Note!) 
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82370 A.C. Specifications These A.C. timings are tested at 1 .5V thresholds, except as noted. 
Functional Operating Range: Vcc = 5.0V ±10%; Tcase = 0°C to 78°C for 132-pin PGA, 0°Cto 68°C for 
100-pin plastic (Continued) 



Symbol 


Parameter Description 


Min 


Max 


Units 


Notes 


t12 
t13 


W/R#, M/IO#, D/C# Setup Time 
W/R#, M/IO#, D/C# Hold Time 


6 

4 




ns 
ns 




t14 
t15 


ADS # Valid Delay 
ADS# Float Delay 


6 
4 


33 
35 


ns 
ns 


CL = 50 pF 
(Note 1) 


t16 
t17 


ADS # Setup Time 
ADS # Hold Time 


21 
4 




ns 
ns 




t18 
t19 


Slave Mode D0-D15 Read Valid 
Slave Mode DO- D1 5 Read Float 


3 
6 


46 
35 


ns 
ns 


C L = 120pF 
(Note i) 


t20 
t21 


Slave Mode D0-D1 5 Write Setup 
Slave Mode D0-D15 Write Hold 


31 
26 




ns 
ns 




t22 
t23 


Master Mode D0-D1 5 Write Valid 
Master Mode D0-D15 Write Float 


4 
4 


40 
35 


ns 
ns 


C L = 120 pF 
(Notel) 


t24 
t25 


Master Mode D0-D15 Read Setup 
Master Mode D0-D15 Read Hold 


8 
6 




ns 
ns 




t26 
t27 


READY # Setup Time 
READY # Hold Time 


19 
4 




ns 
ns 




t28 
t29 


WSC0-WSC1 Setup Time 
WSC0-WSC1 Hold Time 


6 
21 




ns 
ns 




t30 
t31 


RESET Setup Time 
RESET Hold Time 


13 
4 




ns 
ns 




t32 


READYO# Valid Delay 


4 


31 


ns 


C L = 25 pF 


t33 


CPURST Valid Delay (Falling Edge Only) 


2 


18 


ns 


C L = 50 pF 


t34 


HOLD Valid Delay 


5 


33 


ns 


C L = 100 pF 


t35 
t36 


HLDA Setup Time 
HLDA Hold Time 


21 
6 




ns 
ns 




t37a 
t38a 


EOP# Setup (Synchronous) 
EOP# Hold (Synchronous) 


21 
6 




ns 
ns 




t37b 
t38b 


EOP# Setup (Asynchronous) 
EOP# Hold (Asynchronous) 


11 
11 




ns 
ns 




t39 
t40 


EOP# Valid Delay (Falling Edge Only) 
EOP# Float Delay 


5 
5 


38 
40 


ns 
ns 


C L = 100 pF 
(Notel) 


t41a 
t42a 


DREQ Setup (Synchronous) 
DREQ Hold (Synchronous) 


21 
4 




ns 
ns 




t41b 
t42b 


DREQ Setup (Asynchronous) 
DREQ Hold (Asynchronous) 


11 
11 




ns 
ns 




t43 


INT Valid Delay from IRQn 




500 


ns 




t44 
t45 


NA# Setup Time 
NA# Hold Time 


5 
15 




ns 
ns 
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82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vqc = 5.0V ± 1 0%; Tqase ■ = ' 0°C to 78°C for 1 32-pin PGA, 0°C to 68°C for 
100-pin plastic (Continued) 



Symbol 


Parameter Description 


Min 


Max 


Units 


Notes 


t46 
t47 
t48 
t49 
t50 


CLKIN Frequency 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


DC 
30 
50 


10 

10 
10 


MHz 
ns 
ns 
ns 
ns 


2.0V 
0.8V 

0.8V to 3.7V 
3.7V to 0.8V 


t51 
t52 


TOUT1 #/REF# Valid Delay 
from CLK2 (Refresh) 
from CLKIN (Timer) 


4 
3 


36 
93 


ns 
ns 


C L = 120 pF 
C L = 120 pF 


t53 
t54 


TOUT2# Valid Delay 

(from CLKIN, Falling Edge Only) 

TOUT2# Float Delay 


3 
3 


93 
36 


ns 
ns 


C L = 120 pf 
(Notel) 


t55 


TOUT3# Valid Delay 
(from CLKIN) 


3 


93 


ns 


C L = 120 pF 


t56 


CHPSEL# Valid Delay 


1 


35 


ns 


C L = 25 pF 



NOTE: 

1 . Float condition occurs when the maximum output current becomes less than l|_o in magnitude. Float delay is not tested. 
For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current loads. 



82370 Q 
OUTPUT" I 



J 



Cl indicates all parasitic capacitances. 




Figure 13-2. A.C. Test Load 



Figure 13-3 
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WSC(0 - 1 ) 

CLK2 
A(1-A23), BHE#, BLE# 

W/R#, M/IO#, D/C# 

READY# 

ADS# 

HLDA 

D(0-15) (DMA Read) 

D(0-15) (CPU Write) 

EOP# 

DREQ(0-7) 



INPUT SET-UP AND HOLD TIMING (CONT. 
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Figure 13-4. Input Setup and Hold Timing 



4-897 



iny 



82370 



MWMQGE WSPQMMSSFWM 







PHIx I 


PHI 2 


Tx 
1 PH1 1 I 


PHI 2 


CLK2 "^ 


T31 


T30 












N 

Hold 


^ 








Setup 












PHI 2 | 


PHI1 


Tx 
| PHI 2 




CLK2 — / \— / 




- |*- T33 MIN. 












\m\ 








J U- T33 MAX. 














290164-A1 



Figure 13-5. Reset Timing 
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Figure 13-6. Address Output Delays 
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D(0-15)(CPU READ) 



T18Max 



D(0- 15) (DMA WRITE) 



D(0- 15) (DMA WRITE) 



D(0- 15) (DMA WRITE) 
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Figure 13-7. Data Bus Output Delays 
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Figure 13-8. Control Output Delays 
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Figure 13-9. Timer Output Delays 



14.0 REVISION HISTORY 



This 82370 data sheet, version -002, contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 

The sections significantly revised since version -001 are: 

— Section 12.0 Electrical Characteristics renumbered Section 13.0. 

— Section 12.0 Package Thermal Specifications added. 

— Section 13.0 Electrical Specifications updated Tgase. Voh» to T 33» T 39» Figure 13.6. 

— Appendix C, Programming the 82370 Interrupt Controllers, added. 

— Appendix D, System Notes, added. 

— Section 14.0 Revision History added. 
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APPENDIX A 
PORTS LISTED BY ADDRESS 



Port Address 




(HEX) 


Description 


00 


Read/Write DMA Channel Target Address, A0-A1 5 


01 


Read/Write DMA Channel Byte Count, B0-B15 


02 


Read/Write DMA Channel 1 Target Address, A0-A15 


03 


Read/Write DMA Channel 1 Byte Count, B0-B1 5 


04 


Read/Write DMA Channel 2 Target Address, A0-A1 5 


05 


Read/Write DMA Channel 2 Byte Count, B0-B15 


06 


Read/Write DMA Channel 3 Target Address, A0-A15 


07 


Read/Write DMA Channel 3 Byte Count, B0-B15 


08 


Read/Write DMA Channel 0-3 Status/Command I Register 


09 


Read /Write DMA Channel 0-3 Software Request Register 


OA 


Write DMA Channel 0-3 Set-Reset Mask Register 


OB 


Write DMA Channel 0-3 Mode Register I 


OC 


Write Clear Byte-Pointer FF 


OD 


Write DMA Master-Clear 


OE 


Write DMA Channel 0-3 Clear Mask Register 


OF 


Read/Write DMA Channel 0-3 Mask Register 


10 


Intel Reserved 


11 


Read/Write DMA Channel Byte Count, B16-B23 


12 


Intel Reserved 


13 


Read/Write DMA Channel 1 Byte Count, B16-B23 


14 


Intel Reserved 


15 


Read/Write DMA Channel 2 Byte Count, B1 6-B23 


16 


Intel Reserved 


17 


Read/Write DMA Channel 3 Byte Count, B16-B23 


18 


Write DMA Channel 0-3 Bus Size Register 


19 


Read/Write DMA Channel 0-3 Chaining Register 


1A 


Write DMA Channel 0-3 Command Register II 


1B 


Write DMA Channel 0-3 Mode Register II 


1C 


Read/Write Refresh Control Register 


1E 


Reset Software Request Interrupt 


20 


Write Bank B ICW1 , OCW2 or OCW3 




Read Bank B Poll, Interrupt Request or In-Service 




Status Register 


21 


Write Bank B ICW2, ICW3, ICW4 or OCW1 




Read Bank B Interrupt Mask Register 


22 


Read Bank B ICW2 


28 


Read/Write IRQ8 Vector Register 


29 


Read/Write IRQ9 Vector Register 


2A 


Reserved 
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Port Address 




(HEX) 


Description 


2B 


Read/Write IRQ1 1 Vector Register 


2C 


Read/Write IRQ1 2 Vector Register 


2D 


Read/Write IRQ1 3 Vector Register 


2E 


Read/Write IRQ1 4 Vector Register 


2F 


Read/Write IRQ1 5 Vector Register 


30 


Write Bank A ICW1 , OCW2 or OCW3 




Read Bank A Poll, Interrupt Request or In-Service 




Status Register 


31 


Write Bank A ICW2, ICW3, ICW4 or OCW1 




Read Bank A Interrupt Mask Register 


32 


Read Bank A ICW2 


38 


Read/Write IRQO Vector Register 


39 


Read/Write IRQ1 Vector Register 


3A 


Read/Write IRQ1 .5 Vector Register 


3B 


Read/Write |RQ3 Vector Register 


3C 


Read/ Write I RQ4 Vector Register 


3D 


Reserved 


3E 


Reserved 


3F 


Read/Write IRQ7 Vector Register 


40 


Read/Write Counter Register 


41 


Read/Write Counter 1 Register 


42 


Read/Write Counter 2 Register 


43 


Write Control Word Register I— Counter 0, 1 , 2 


44 


Read/Write Counter 3 Register 


45 


Reserved 


46 


Reserved 


47 


Write Word Register II— Counter 3 


61 


Write Internal Control Port 


64 


Write CPU Reset Register (Data— 1 1 1 1 XXX0H) 


72 


Read/Write Wait State Register 


73 


Read/Write Wait State Register 1 


74 


Read/ Write Wait State Register 2 


75 


Read/ Write Refresh Wait State Register 


76 


Reserved 


77 


Reserved 


7D 


Reserved 


7E 


Reserved 


7F 


Read/Write Relocation Register 


80 


Read/Write Internal Diagnostic Port 


81 


Read/Write DMA Channel 2 Target Address, A1 6-A23 


82 


Read/ Write DMA Channel 3 Target Address, A16-A23 


83 


Read/ Write DMA Channel 1 Target Address, A1 6- A23 


87 


Read/Write DMA Channel Target Address, A1 6- A23 


88 


Read/Write Internal Diagnostic Port 1 


89 


Read/Write DMA Channel 6 Target Address, A1 6-A23 


8A 


Read/Write DMA Channel 7 Target Address, A1 6- A23 


8B 


Read/Write DMA Channel 5 Target Address, A16-A23 


8F 


Read/Write DMA Channel 4 Target Address, A1 6- A23 



4-902 



inter 



82370 



AflWAKKSB 0MF®(J3(Mr0©Nl 



Port Address 
(HEX) 


Description 


.90 


Read/Write DMA Channel Requester Address, A0-A1 5 


91 


Read/ Write DMA Channel Requester Address, A16-A23 


92 


Read/Write DMA Channel 1 Requester Address, A0-A1 5 


93 


Read/Write DMA Channel 1 Requester Address, A16-A23 


94 


Read/Write DMA Channel 2 Requester Address, A0-A1 5 


95 


Read/Write DMA Channel 2 Requester Address, A16-A23 


96 


Read/Write DMA Channel 3 Requester Address, A0-A15 


97 


Read/Write DMA Channel 3 Requester Address, A16-A23 


98 


Read/Write DMA Channel 4 Requester Address, A0-A15 


99 


Read/Write DMA Channel 4 Requester Address, A16-A23 


9A 


Read/Write DMA Channel 5 Requester Address, A0-A15 


9B 


Read/Write DMA Channel 5 Requester Address, A16-A23 


9C 


Read/Write DMA Channel 6 Requester Address, A0-A1 5 


9D 


Read/Write DMA Channel 6 Requester Address, A16-A23 


9E 


Read/Write DMA Channel 7 Requester Address, A0-A1 5 


9F 


Read/Write DMA Channel 7 Requester Address, A16-A23 


A0 


Write Bank C ICW1 , OCW2 or OCW3 




Read Bank C Poll, Interrupt Request or In-Service 




Status Register 


A1 


Write Bank C ICW2, ICW3, ICW4 or OCW1 




Read Bank C Interrupt Mask Register 


A2 


Read Bank CICW2 


A8 


Read/Write IRQ16 Vector Register 


A9 


Read/Write IRQ1 7 Vector Register 


AA 


Read/Write IRQ1 8 Vector Register 


AB 


Read/Write IRQ1 9 Vector Register 


AC 


Read/Write IRQ20 Vector Register 


AD 


Read/Write IRQ21 Vector Register 


AE 


Read/Write IRQ22 Vector Register 


AF 


Read/Write IRQ23 Vector Register 


CO 


Read/ Write DMA Channel 4 Target Address, A0- A1 5 


C1 


Read/Write DMA Channel 4 Byte Count, B0-B1 5 


C2 


Read/Write DMA Channel 5 Target Address, A0- A1 5 


C3 


Read/Write DMA Channel 5 Byte Count, B0-B15 


C4 


Read/Write DMA Channel 6 Target Address, A0-A1 5 


C5 


Read/Write DMA Channel 6 Byte Count, B0-B15 


C6 


Read/Write DMA Channel 7 Target Address, A0-A1 5 


C7 


Read/Write DMA Channel 7 Byte Count, B0-B1 5 


C8 


Read DMA Channel 4-7 Status/Command I Register 


C9 


Read/Write DMA Channel 4-7 Software Request Register 


CA 


Write DMA Channel 4-7 Set-Reset Mask Register 


CB 


Write DMA Channel 4-7 Mode Register I 


CC 


Reserved 


CD 


Reserved 


CE 


Write DMA Channel 4-7 Clear Mask Register 


CF 


Read/Write DMA Channel 4-7 Mask Register 


DO 


Intel Reserved 


D1 


Read/Write DMA Channel 4 Byte Count, B1 6-B23 


D2 


Intel Reserved 


D3 


Read/Write DMA Channel 5 Byte Count, B16-B23 
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Port Address 
(HEX) 


Description 


D4 
D5 
D6 
07 
D8 
D9 
DA 
DB 


Intel Reserved 

Read/Write DMA Channel 6 Byte Count, B16-B23 

Intel Reserved 

Read/Write DMA Channel 7 Byte Count, B16-B23 

Write DMA Channel 4-7 Bus Size Register 

Read/Write DMA Channel 4-7 Chaining Register 

Write DMA Channel 4-7 Command Register II 

Write DMA Channel 4-7 Mode Register II 
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APPENDIX B 
PORTS LISTED BY FUNCTION 



Port Address 
(HEX) 


Description 


DMA CONTROLLER 


0D 
OC 


Write DMA Master-Clear 

Write DMA Clear Byte-Pointer FF 


08 
C8 
1A 
DA 


Read/Write DMA Channel 0-3 Status/Command I Register 
Read/Write DMA Channel 4-7 Status/Command I Register 
Write DMA Channel 0-3 Command Register II 
Write DMA Channel 4-7 Command Register II 


OB 
CB 
1B 
DB 


Write DMA Channel 0-3 Mode Register I 
Write DMA Channel 4-7 Mode Register I 
Write DMA Channel 0-3 Mode Register II 
Write DMA Channel 4-7 Mode Register II 


09 
C9 
1E 


Read/Write DMA Channel 0-3 Software Request Register 
Read/ Write DMA Channel 4-7 Software Request Register 
Reset Software Request Interrupt 


0E 
CE 
OF 
CF 
OA 
CA 


Write DMA Channel 0-3 Clear Mask Register 
Write DMA Channel 4-7 Clear Mask Register 
Read/Write DMA Channel 0-3 Mask Register 
Read/Write DMA Channel 4-7 Mask Register 
Write DMA Channel 0-3 Set-Reset Mask Register 
Write DMA Channel 4-7 Set-Reset Mask Register 


18 
D8 


Write DMA Channel 0-3 Bus Size Register 
Write DMA Channel 4-7 Bus Size Register 


19 
D9 


Read/Write DMA Channel 0-3 Chaining Register 
Read/ Write DMA Channel 4-7 Chaining Register 


00 
87 
01 
11 
90 
91 


Read/Write DMA Channel Target Address, A0-A1 5 
Read/ Write DMA Channel Target Address, A1 6-A23 
Read/Write DMA Channel Byte Count, B0-B15 
Read/Write DMA Channel Byte Count, B16-B23 
Read/Write DMA Channel Requester Address, A0- A1 5 
Read/Write DMA Channel Requester Address, A16-A23 
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Port Address 




(HEX) 


Description 


DMA CONTROLLER (Continued) 


02 


Read/Write DMA Channel 1 Target Address, A0-A1 5 


83 


Read/Write DMA Channel 1 Target Address, A1 6-A23 


03 


Read/Write DMA Channel 1 Byte Count, B0-B15 


13 


Read/Write DMA Channel 1 Byte Count, B16-B23 


92 


Read/Write DMA Channel 1 Requester Address, A0-A1 5 


93 


Read/Write DMA Channel 1 Requester Address, A1 6-A23 


04 


Read/Write DMA Channel 2 Target Address, A0-A1 5 


81 


Read/Write DMA Channel 2 Target Address, A1 6-A23 


05 


Read/Write DMA Channel 2 Byte Count, B0-B15 


15 


Read/Write DMA Channel 2 Byte Count, B1 6-B23 


94 


Read/Write DMA Channel 2 Requester Address, A0-A15 


95 


Read/Write DMA Channel 2 Requester Address, A16-A23 


06 


Read/Write DMA Channel 3 Target Address, A0-A1 5 


82 


Read/Write DMA Channel 3 Target Address, A16-A23 


07 


Read/Write DMA Channel 3 Byte Count, B0-B1 5 


17 


Read/Write DMA Channel 3 Byte Count, B16-B23 


96 


Read/Write DMA Channel 3 Requester Address, A0-A1 5 


97 


Read/Write DMA Channel 3 Requester Address, A16-A23 


CO 


Read/Write DMA Channel 4 Target Address, A0- A1 5 


8F 


Read/Write DMA Channel 4 Target Address, A1 6-A23 


C1 


Read/Write DMA Channel 4 Byte Count, B0-B1 5 


D1 


Read/Write DMA Channel 4 Byte Count, B1 6-B23 


98 


Read/Write DMA Channel 4 Requester Address, A0-A1 5 


99 


Read/Write DMA Channel 4 Requester Address, A1 6- A23 


C2 


Read/Write DMA Channel 5 Target Address, A0-A1 5 


8B 


Read/Write DMA Channel 5 Target Address, A1 6-A23 


C3 


Read/Write DMA Channel 5 Byte Count, B0-B1 5 


D3 


Read/Write DMA Channel 5 Byte Count, B16-B23 


9A 


Read/Write DMA Channel 5 Requester Address, A0- A1 5 


9B 


Read/Write DMA Channel 5 Requester Address, A1 6-A23 


C4 


Read/Write DMA Channel 6 Target Address, A0- A1 5 


89 


Read/Write DMA Channel 6 Target Address, A1 6-A23 


C5 


Read/Write DMA Channel 6 Byte Count, B0-B15 


D5 


Read/Write DMA Channel 6 Byte Count, B16-B23 


9C 


Read/Write DMA Channel 6 Requester Address, A0- A1 5 


9D 


Read/Write DMA Channel 6 Requester Address, A1 6- A23 


C6 


Read/Write DMA Channel 7 Target Address, A0-A1 5 


8A 


Read/Write DMA Channel 7 Target Address, A1 6- A23 


C7 


Read/Write DMA Channel 7 Byte Count, B0-B1 5 


D7 


Read/Write DMA Channel 7 Byte Count, B16-B23 


9E 


Read/Write DMA Channel 7 Requester Address, A0-A1 5 


9F 


Read/Write DMA Channel 7 Requester Address, A1 6- A23 
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Port Address 




(HEX) 


Description 


INTERRUPT CONTROLLER 


20 


Write Bank B ICW1 , OCW2 or OCW3 




Read Bank B Poll, Interrupt Request or In-Service 




Status Register 


21 


Write Bank B ICW2, ICW3, ICW4 or OCW1 




Read Bank B Interrupt Mask Register 


22 


Read Bank B ICW2 


28 


Read/Write IRQ8 Vector Register 


29 


Read/Write IRQ9 Vector Register 


2A 


Reserved 


2B 


Read/Write IRQ1 1 Vector Register 


2C 


Read/Write IRQ12 Vector Register ^ 


2D 


Read/Write IRQ1 3 Vector Register 


2E 


Read/Write IRQ14 Vector Register 


2F 


Read/Write IRQ1 5 Vector Register 


A0 


Write Bank C ICW1 , OCW2 or OCW3 




Read Bank C Poll, Interrupt Request or In-Service 




Status Register 


A1 


Write Bank C ICW2, ICW3, ICW4 or OCW1 




Read Bank C Interrupt Mask Register 


A2 


Read Bank CICW2 


A8 


Read/Write IRQ1 6 Vector Register 


A9 


Read/Write IRQ1 7 Vector Register 


AA 


Read/Write IRQ1 8 Vector Register 


AB 


Read/Write IRQ1 9 Vector Register 


AC 


Read/Write IRQ20 Vector Register 


AD 


Read/Write IRQ21 Vector Register 


AE 


Read/Write IRQ22 Vector Register 


AF 


Read/Write IRQ23 Vector Register 


30 


Write Bank A ICW1 , OCW2 or OCW3 




Read Bank A Poll, Interrupt Request or In-Service 




Status Register 


31 


Write Bank A ICW2, ICW3, ICW4 or OCW1 




Read Bank A Interrupt Mask Register 


32 


Read Bank A ICW2 


38 


Read/Write IRQO Vector Register 


39 


Read/Write IRQ1 Vector Register 


3A 


Read/Write IRQ1 .5 Vector Register 


3B 


Read/Write IRQ3 Vector Register 


3C 


Read/Write IRQ4 Vector Register 


3D 


Reserved 


3E 


Reserved 


3F 


Read/ Write IRQ7 Vector Register 
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Port Address 
(HEX) 


Description 


PROGRAMMABLE INTERVAL TIMER 


40 


Read/ Write Counter Register 


41 


Read/Write Counter 1 Register 


42 


Read/Write Counter 2 Register 


43 


Write Control Word Register I— Counter 0, 1 , 2 


44 


Read/Write Counter 3 Register 


47 


Write Word Register II— Counter 3 


CPU RESET 


64 


Write CPU Reset Register (Data— 1 1 1 1XXX0H) 


WAIT STATE GENERATOR 


72 


Read/Write Wait State Register 


73 


Read/Write Wait State Register 1 


74 


Read/ Write Wait State Register 2 


75 


Read/Write Refresh Wait State Register 


DRAM REFRESH CONTROLLER 


1C 


Read/Write Refresh Control Register 


INTERNAL CONTROL AND DIAGNOSTIC PORTS 


61 


Write Internal Control Port 


80 


Read/Write Internal Diagnostic Port 


88 


Read/Write Internal Diagnostic Port 1 


RELOCATION REGISTER 


7F 


Read/Write Relocation Register 


INTEL RESERVED PORTS 


10 


Reserved 


12 


Reserved 


14 


Reserved 


16 


Reserved 


2A 


Reserved 


3D 


Reserved 


3E 


Reserved 


45 


Reserved 


46 


Reserved 


76 


Reserved 


77 


Reserved 


7D 


Reserved 


7E 


Reserved 


cc 


Reserved 


CD 


Reserved 


DO 


Reserved 


D2 


Reserved 


D4 


Reserved 


D6 


Reserved 
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APPENDIX C 
PROGRAMMING THE 82370 INTERRUPT CONTROLLERS 



This Appendix describes two methods of programming and initializing the Interrupt Controllers of the 82370. A 
simple interrupt service routine is also shown which provides compatibility with the 82C59 Interrupt Controller. 

The two methods of programming the 8237° Interrupt Controllers are needed to provide simple initialization 
procedures in different software environments. For new applications, a simple initialization and programming 
sequence can be used. For PC-DOS or other applications which expect 8259s, an interrupt handler for 
initialization traps must be provided. Once the handler is in place, all three 82370 Interrupt Controller banks 
can be programmed or initialized in the same manner as an 8259. 

The ICW2 interrupt is generated by the 82370 when writing the ICW2 command to any of the interrupt 
controller banks. This interrupt is supplied to provide compatibility to existing code that expects to be program- 
ming 82C59s. The ICW2 value is stored in the ICW2 register of the associated bank, but is ignored by the 
controller. It is the responsibility of the ICW2 interrupt handler to read the ICW2 register and use its value to 
program the individual vector registers accordingly. 

NEW APPLICATIONS 

New applications do not generally require compatibility with previous code, or at least the code is usually easily 
modifiable. If the application fits this description, then the ICW2 interrupt can be ignored. This is done by 
initializing the interrupt controller as necessary, and before enabling CPU interrupts, removing the ICW2 
interrupt request by reading the ICW2 register. Listing 1 shows the code for doing this for bank A. The same 
procedure can be used for the other banks. 
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Listing 1. 




Initialization of an 82370 Interrupt Controller Bank 






Without ICW2 Interrupts 


INIT_BANK.A proc near 




cli 




jdisable all interrupts 


jinitialize controller logic 


mov 


al.ICWl 


;begin sequence 


out 


30h,al 




mov 


al,ICW2 


;send dummy ICW2 


out 


31h,al 




mov 


al,ICW3 


;send ICW3 if necessary 


out 


31h,al 




mov 


al,ICW4 


;send ICW4 


out 


31h,al 




mov 


al,BANK_A_MASK 


;write to mask register (0CW1) 


out 


31h,al 




jprogram 


vector registers 




mov 


al,ICW2 


;IRQ0 


out 


38h,al 




mov 


al,ICW2+l 


JIRQ1 


out 


39h,al 




mov 


al,ICW2_ VECTOR 


;IRQ1.5 (probably never used in 


out 


3Ah,al 


; this system) 


mov 


al,ICW2+3 


;IRQ3 


out 


3Bh,al 




mov 


al,ICW2+4 


;IRQ4 


out 


3Ch,al 




mov 


al,ICW2+7 


;IRQ7 


out 


3Fh,al 




;remove ICW2 interrupt request 


in 


al,31h 


;read mask register to work around 
; A-step errata 


in 


al,32h 


;read ICW2 register to clear 
; interrupt request 


;return to calling program 


. 


sti 




;re-enable interrupts 


ret 






INIT_BANK_A endp 
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OLD APPLICATIONS 

In applications where 8259 compatibility is required, the ICW2 interrupt handler must be invoked whenever an 
interrupt controller is initialized (ICW1-ICW2-ICWn sequence). The handler's purpose is to read the ICW2 
value from the ICW2 read register and write the appropriate sequence of vectors to the vector registers. Listing 
2 shows the typical initialization sequence (this is not changed from the 8259), and the required initialization for 
operation of the ICW2 interrupt handler. Listing 2 shows the ICW2 interrupt handler. 





Listing 2. 
Initialization of Bank A for ICW2 Interrupts 


cli 


;disable all interrupts 


jinitialize controller logic 


mov 
out 
mov 
out 


al,ICWl ;begin sequence 

30h,al 

al,ICW2 ;send dummy ICW2 

31h,al 


.******* 




mov 
out 

» 


al,ICW3 ;send ICW3 if necessary 
31h,al ; note that using ICW3 for 

; cascading bank B is not required 
; and will affect the way EOIs are 
; required for nesting. It is 
; advised that ICW3 not be used. 


mov 
out 


al,ICW4 ;send ICW4 
;31h,al 


mov 
out 


al , Bank_A_Mask ;write to mask register (0CWl=7Bh) 

31h,al ;don»t mask off IRQ1.5 or Default 

; interrupt (IRQ7) 


;program 


necessary vector registers 


mov 
out 


al, I CW2_ VECTOR ;IRQ1.5 
3Ah,al 


mov 
out 


al , IRQ7_DEFAULT_VECT0R 
3Fh,al 


;remove 


I CW2 interrupt request for bank A 


in 


al,31h ;read mask register to work around 
; A-step errata 


in 


al.32h ;read ICW2 register to clear 
; interrupt request 


;at this point install interrupt call vector for ICW2, if 
;not already done somewhere else in the code 


sti 


;re-enable interrupts 
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Listing 3. 
ICW2 Interrupt Service Routine 


ICW2.INTJHANDLER 


proc near 


push ax 
push ex 
push dx 


;save registers 


; service bank B 




in al,21h 


;read mask register for A-step errata 


in al,22h 
mov ex, 8 
mov dx,28h 


;read ICW2 
;count vectors 
;point to vectors 


BANK„B_L00P ; 




out dx,al 

inc al 

inc dx 

loop BANK_B_L00P 


;write vector 

;next vector 

;next vector I/O address 


jservice bank C 




in al,0Alh 


;read mask register for A-step errata 


in al , 0A2h 
mov ex, 8 
mov dx , 0A8h 


;read ICW2 
;count vectors 
;point to vectors 


BANK_C-LOOPs 




out dx,al 

inc al 

inc dx 

loop BANKLCLL00P 


;write vector 

;next vector 

;next vector i/o address 


pop dx 
pop ex 
pop ax 
iret 


jrestore registers 
jreturn 


ICW2.INT.HANDLER 


endp 
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Table 1. Interrupt Controller Registers 


Bank A: 










30H 


write 


ICW1, 0CW2, 0CW3 






read 


Poll, IRR, ISR 




31H 


write 


ICW2, ICW3, ICW4, 0CW1 






read 


IMR 




32H 


read 


ICW2 read register 




38H 


read/write 


IRQO vector 




39H 


read/write 


IRQ! vector 




3AH 


read/write 


IRQ1.5 vector 




3BH 


read/write 


IRQ3 vector 




3CH 


read/write 


IRQ4 vector 




3DH 


RESERVED 




3EH 


RESERVED 




3PH 


read/write 


IRQ7 vector 


Bank B: 










20H 


write 


ICW1, 0CW2, 0CW3 






read 


Poll, IRR, ISR 




21H 


write 


ICW2, ICW3, ICW4, 0CW1 






read 


IMR 




22H 


read 


ICW2 read register 




28H 


read/write 


IRQ8 vector 




29H 


read/write 


IRQ9 vector 




2AH 


RESERVED 




2BH 


read/write 


IRQ11 vector 




2CH 


read/write 


IRQ12 vector 




2DH 


read/write 


IRQ13 vector 




2EH 


read/write 


IRQ14 vector 




2FH 


read/write 


IRQ15 vector 


Bank C: 










AOH 


write 


ICW1, 0CW2, 0CW3 






read 


Poll, IRR, ISR 




A1H 


write 


ICW2, ICW3, ICW4, 0CW1 






read 


IMR 




A2H 


read 


ICW2 read register 




A8H 


read/write 


IRQ16 vector 




A9H 


read/write 


IRQ17 vector 




AAH 


read/write 


IRQ18 vector 




ABH 


read/write 


IRQ19 vector 




ACH 


read/write 


IRQ20 vector 




ADH 


read/write 


IRQ21 vector 




AEH 


read/write 


IRQ22 vector 




AFH 


read/write 


IRQ23 vector 
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APPENDIX D 
SYSTEM NOTES 



1. BHE# IN MASTER MODE. 

In Master Mode, BHE# will be activated during DMA to/from 8-bit devices residing at even locations when 
the remaining byte count is greater than 1. " 

For example, if an 8-bit device is located at 00000000 Hex and the number of bytes to be transferred is > 1 , 
the first address/BHE# combination will be 00000000/0. In some systems this will cause the bus controller 
to perform two 8-bit accesses, the first to 0000000 Hex and the second to 00000001 Hex. However, the 
82370's DMA will only read/write one byte. This may or may not cause a problem in the system depending 
on what is located at 00000001 Hex. 

Solution: 

There are two solutions if BH# active is unacceptable. Of the two, number 2 is the cleanest and most 
recommended. 

1 . If there is an 8-bit device that uses DMA located at an even address, do not use that address + 1 . The 
limitation of this solution is that the user must have complete control over what addresses will be used in 
the end system. 

2. Do not allow the Bus Controller to split cycles for the DMA, 

2. RESET OUTPUT OF 82370: 

The 80376 requires its RESET line to be active for 80 clock cycles. The 82370 generates holds the RESET 
line active for 62 clock cycles. 

The following design example shows how the user can extend the active high of the RESET line to 80 clock 
cycles. 

Extending the RESET Output of the 82370 

This section describes a hardware solution for using the 82370's CPURST output and the software reset 
command to cause the 80376 to enter into a self-test. 

The 80376 requires two simultaneous events in order to initiate the self-test sequence. The RESET input of 
the processor must be held active for at least 80 CLK2 periods and the BUSY# input must be low 8 CLK2 
periods prior to and 8 CLK2 periods subsequent to RESET going inactive. 

A system which does not have an 80387SX will simply have the BUSY# input to the 80376 tied low. A system 
which contains the 80387SX will require extra logic between the BUSY# output of the 80387SX and the 
BUSY# input of the 80376 in order to force self-test on reset. The extra BUSY # logic required will not be 
described here. 

The 82370 CPURST output is intended to be retimed with faster TTL components in order to meet the RESET 
input setup time requirements of the 80376 and 80387SX. This requires a 74F379 (quad flip-flop with enable) 
or equivalent. The flip-flops required are described in TECHBIT (Ed Grochowski, April 10, 1987). 

The 82370 does not meet the RESET pulse duration requirements for causing self-test of the 80376 when a 
software reset command is issued to the 82370. The 82370 provides a RESET pulse width of 62 CLK2 
periods, the 80376 requires 80 CLK2 periods as mentioned earlier. 

In order to cause the 80376 to do a self-test after a software reset, the CPURST output pulse of the 82370 
must be lengthened. Figure 1 shows a circuit which will do this. 
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